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RÉSUMÉ
Cette étude prolonge le modèle de stockage concurrentiel en y introduisant
certains traits saillants propres au processus de production et aux marchés
financiers. Une défaillance importante du modèle de base découle de son
incapacité à expliquer convenablement les niveaux observés de corrélation
sérielle. Ainsi, la présente extension se fonde sur l’idée qu’afin de soutenir un
degré important de persistance des prix, le modèle de base doit être augmenté de
certains aspects incitant les agents à détenir des inventaires plus fréquemment.
À cet effet, des caractéristiques particulières sont introduites au sein des
mécanismes de production et d’échange. Cela se traduit par l’insertion de :
(i) délais de gestation dans la production avec chocs d’offre hétérocédastiques;
(ii) contrats à terme de plusieurs périodes; (iii) un gain en utilité tiré du stock
d’inventaire. Le problème avec attentes rationnelles est résolu numériquement
pour douze matières premières. Des simulations sont ensuite exécutées afin
d’évaluer l’effet de ces ajouts sur les propriétés des séries temporelles des prix
des matières premières. Les résultats indiquent que chacune des caractéristiques
insérées est partiellement responsable pour la persistance et les crêtes
occasionnelles observées. Certains signes suggèrent que le motif de précaution
pour la demande d’inventaires pourrait jouer un rôle important dans la dynamique
des prix des commodités.
Mots clés : modèles non linéaires, persistance, délais de gestation, gain en
utilité, motif de précaution
ABSTRACT
This paper extends the Competitive Storage Model by incorporating
prominent features of the production process and financial markets. A major
limitation of this basic model is that it cannot successfully explain the degree of
serial correlation observed in actual data. The proposed extensions build on the
observation that in order to generate a high degree of price persistence, a model
must incorporate features such that agents are willing to hold stocks more often
than predicted by the basic model. We therefore allow unique characteristics of
the production and trading mechanisms to provide the required incentives.
Specifically, the proposed models introduce (i) gestation lags in production with
heteroskedastic supply shocks, (ii) multiperiod forward contracts, and (iii) a
convenience return to inventory holding. The rational expectations solutions for
twelve commodities are numerically solved. Simulations are then employed to
assess the effects of the above extensions on the time series properties of
commodity prices. Results indicate that each of the features above partially
account for the persistence and occasional spikes observed in actual data.
Evidence is presented that the precautionary demand for stocks might play a
substantial role in the dynamics of commodity prices.
Key words : nonlinear models, persistence, gestation lags, convenience yield,
precautionary demand
4 Lqwurgxfwlrq
Wklv sdshu vwxglhv wkh ghwhuplqdwlrq ri frpprglw| sulfhv lq d vhwxs zkhuh +lq dgglwlrq wr wkh sur0
gxfhu dqg frqvxphu, wkhuh lv d udwlrqdo/ surw pd{lpl}lqj djhqw wkdw fdq fduu| wkh jrrg dv lqyhq0
wru| iurp wkh fxuuhqw wr ixwxuh shulrgv1 Wklv iudphzrun kdv ehhq hpsor|hg e| hduolhu uhvhdufkhuv
^vhh dprqj rwkhuv/ Qhzehu| dqg Vwljolw} +4<;5,/ Zlooldpv dqg Zuljkw +4<<4,/ dqg Ghdwrq dqg
Odurtxh +4<<5,` wr h{dplqh wkh hhfw ri vshfxodwlyh lqyhqwrulhv rq frpprglw| sulfhv1 Wkh prg0
hov ghyhorshg lq wklv duwlfoh dovr dwwulexwh lqyhqwru| kroglqjv d surplqhqw uroh lq ghwhuplqlqj wkh
wlph vhulhv surshuwlhv ri wkh sulfh surfhvv/ exw/ lq dgglwlrq/ wkh| lqfrusrudwh +l, jhvwdwlrq odjv lq
surgxfwlrq zlwk khwhurvnhgdvwlf vkrfnv/ +ll, pxowl0shulrg/ ryhuodsslqj iruzdug frqwudfwv/ dqg +lll,
d frqyhqlhqfh prwlyh iru lqyhqwru| kroglqj1 Wkh lqwhqwlrq lv wkdw e| h{whqglqj wkh edvlf vwrudjh
prgho wr lqfoxgh rwkhu uhdolvwlf dvshfwv ri wkh surgxfwlrq surfhvv dqg wkh wudglqj phfkdqlvp/ wkh
uhvxowlqj vshflfdwlrq zrxog ehwwhu fdswxuh wkh prvw uhohydqw fkdudfwhulvwlfv ri wkh gdwd1
Hduolhu uhvhdufk rq wklv wrslf kdv grfxphqwhg wzr lpsruwdqw ihdwxuhv lq wkh wlph vhulhv ri
frpprglw| sulfhv1 Iluvw/ sulfhv duh vxemhfw wr rffdvlrqdo/ gudpdwlf lqfuhdvhv ru vslnhv1 Ghdwrq
dqg Odurtxh +4<<5, prgho wkhvh vslnhv dv dulvlqj iurp vwrfnrxwv1 Wkdw lv/ lq wkh devhqfh ri
wkh vprrwklqj hhfw ri lqyhqwrulhv/ wkh sulfh lv vroho| ghwhuplqhg e| wkh dydlodeoh kduyhvw dqg
frqvxpswlrq ghpdqg1 Vhfrqg/ sulfhv h{klelw d kljk ghjuhh ri vhuldo fruuhodwlrq1 Fkdpehuv dqg
Edloh| +4<<9, dqg Ghdwrq dqg Odurtxh +4<<9, vhhn wr h{sodlq wklv ihdwxuh e| dvvxplqj vhuldoo|
fruuhodwhg vkrfnv wr surgxfwlrq exw qg wkdw wkhuh lv vwloo vxevwdqwldo shuvlvwhqfh ohiw xqdffrxqwhg
iru1
Wkh vshflfdwlrqv sursrvhg lq wklv duwlfoh suhvhuyh vwrfnrxwv dv d sodxvleoh h{sodqdwlrq ri sulfh
vslnhv exw doorz qhzv derxw ixwxuh surgxfwlrq wr kdyh hhfwv rq fxuuhqw sulfhv wkdw frxog uhsolfdwh
wkhvh surqrxqfhg sulfh lqfuhdvhv1 Pruh lpsruwdqwo|/ wkh| h{solflwo| prgho ihdwxuhv ri wkh surgxf0
wlrq surfhvv dqg qdqfldo pdunhwv wkdw pljkw +lq wkhru|, h{sodlq wkh shuvlvwhqfh ri frpprglw|
sulfhv1 Orrvho| vshdnlqj/ wkhvh ihdwxuhv +surgxfwlrq odjv/ frqwudfwv/ dqg wkh frqyhqlhqfh uhwxuq,
vkduh wkh surshuw| wkdw wkh| lqgxfh surw0pd{lpl}lqj djhqwv wr krog vwrfnv pruh riwhq1 Vlqfh wkhuh
duh ihzhu shulrgv zkhuh wkh lqwhuwhpsrudo sulfh uhodwlrqvkls lv vhyhuhg e| vwrfnrxwv/ wkh shuvlvwhqfh
suhglfwhg e| wkhvh prghov pljkw eh kljkhu wkdq lq wkh edvlf vwrudjh prgho14 Lq rughu wr dvvhvv
wkhvh frpshwlqj vshflfdwlrqv lq d xqlhg iudphzrun/ wkh prghov duh fdoleudwhg iru d vhw ri 45
frpprglwlhv dqg wkhlu hpslulfdo surshuwlhv frpsduhg zlwk wkh rqhv ri wkh dfwxdo gdwd1
Wkh vwxg| ri wkh idfwruv wkdw ghwhuplqh wkh sulfh ri sulpdu| frpprglwlhv lv lpsruwdqw iru vhyhudo
uhdvrqv1 Iluvw/ pdq| Ohvv0Ghyhorshg0Frxqwulhv ghshqg rq wkh h{sruw ri d vpdoo vhw ri djulfxowxudo
4Wkh prgho ghyhorshg e| Ghdwrq dqg Odurtxh +4<<5, |lhogv d kljk suredelolw| ri vwrfnrxwv dqg/ frqvhtxhqwo|/
suhglfwv d idu odujhu qxpehu ri vslnhv wkdq revhuyhg lq dfwxdo gdwd1
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surgxfwv +vrphwlphv rqh, iru prvw ri wkhlu iruhljq fxuuhqf| hduqlqjv1 Vhfrqg/ vhyhudo frxqwulhv
vshqg d vljqlfdqw dprxqw ri uhvrxufhv rq wkh uhjxodwlrq ri wkhlu djulfxowxudo vhfwruv wkurxjk sulfh
vxssruw phfkdqlvpv dqg uhjxodwlrq erdugv1 D jrrg xqghuvwdqglqj ri wkh ghwhuplqdqwv ri wkh sulfh
surfhvv lv qhfhvvdu| wr dvvhvv wkh hhfwv ri wkhvh jryhuqphqw srolflhv1 Ilqdoo|/ wkh sulfh ehkdylru ri
lqgxvwuldo frpprglwlhv +h1j1/ frsshu/ lurq ruh/ rlo/ hwf1, fdq kdyh lpsruwdqw lpsolfdwlrqv iru rxwsxw
dqg exvlqhvv  xfwxdwlrqv1
Dv qrwhg deryh/ wkuhh h{whqvlrqv duh h{dplqhg1 Iluvw/ zh frqvlghu wlph wr exlog dv d vrxufh
ri shuvlvwhqfh lq frpprglw| sulfhv1 Rq rqh kdqg/ jhvwdwlrq odjv lq surgxfwlrq pljkw lqfuhdvh wkh
srvvlelolw| ri vwrfnrxwv ehfdxvh wkhuh duh shulrgv lq zklfk qr qhz kduyhvw lv eurxjkw wr wkh pdunhw1
Rq wkh rwkhu kdqg/ surw0pd{lpl}lqj vshfxodwruv pljkw frqvlghu wkh vhdvrqdolw| ri rxwsxw dv dq
lqfhqwlyh wr wudqvihu vrph ri wkh jrrg wr wkh shulrg zlwkrxw surgxfwlrq1 Wkhuhiruh/ wkh ryhudoo
hhfw ri surgxfwlrq odjv pljkw eh wr uhgxfh wkh suredelolw| ri vwrfnrxwv1 Jhvwdwlrq odjv surylgh
d frqyhqlhqw dqg uhdvrqdeoh zd| ri lqwurgxflqj khwhurvnhgdvwlflw| lq kduyhvw vkrfnv wkdw/ xqghu
fhuwdlq frqglwlrqv/ fdq dovr eh dvvrfldwhg zlwk vhdvrqdolw| lq frqvxpswlrq1 Ilqdoo|/ iurp wkh srlqw
ri ylhz ri xqghuvwdqglqj wkh irupdwlrq ri sulfh h{shfwdwlrqv/ jhvwdwlrq odjv duh lqwhuhvwlqj ehfdxvh
wkh| doorz qhzv derxw wkh lqfrplqj furs wr frqyh| lqirupdwlrq derxw wkh ydoxh ri qh{w shulrg*v
rxwsxw dqg wr lq xhqfh wkh sulfh ri wkh frpprglw| fxuuhqwo| wudghg ^vhh Orzu| hw do1 +4<;:,`1
Vhfrqg/ zh vxjjhvw wkh suhvhqfh ri iruzdug/ pxowlshulrg frqwudfwv dv d sodxvleoh h{sodqdwlrq ri
wkh vhuldo fruuhodwlrq revhuyhg lq sulfhv1 Wkh lqwxlwlrq gudzv rq hduolhu zrun e| Ilvfkhu +4<::, dqg
Wd|oru +4<:</ 4<;3, zkhuh vwdjjhuhg oderu frqwudfwv |lhog d vljqlfdqw ghjuhh ri vhuldo fruuhodwlrq
lq qrplqdo zdjhv1 Pxowl0shulrg frqwudfwv lqfuhdvh wkh suhglfwhg sulfh shuvlvwhqfh ehfdxvh wkh|
surylgh dgglwlrqdo vrxufhv ri vxsso| lq hyhu| shulrg dqg xqdpeljxrxvo| uhgxfh wkh suredelolw| ri
vwrfnrxw1 Lq dgglwlrq/ wkh ryhuodsslqj qdwxuh ri wkh frqwudfwv phdqv wkdw hyhq li wkh zhdwkhu vkrfnv
duh vhuldoo| xqfruuhodwhg/ wkhlu hhfw rq wkh frpprglw| sulfh odvw orqjhu wkdq wkh frqwudfw shulrg1
Ilqdoo|/ zh doorz iru d ghpdqg iru lqyhqwrulhv rwkhu wkdq iru vshfxodwlyh sxusrvhv1 Wklv lv
dfklhyhg e| uhod{lqj wkh dvvxpswlrq ri }hur frqyhqlhqfh |lhog1 Wkh frqyhqlhqfh |lhog ^Ndogru
+4<6<,` lv d fdwfk0doo whup iru wkh uhwxuq dffuxlqj wr frqvxphuv dqg surgxfhuv e| ehlqj deoh wr xvh
wkh vwruhg frpprglw| zkhqhyhu ghvluhg1 Vlqfh wkh frqyhqlhqfh |lhog frxog sduwldoo| frpshqvdwh
lqyhqwru| kroghuv iru wkh h{shfwhg orvv zkhq wkh edvlv lv ehorz fduu|lqj fkdujhv/ wkh prgho suhglfwv
d vpdoohu qxpehu ri vwrfnrxwv dqg d odujhu ghjuhh vhuldo fruuhodwlrq lq sulfhv1
Dq lpsruwdqw fkdudfwhulvwlf ri edvlf vwrudjh prghov lv wkdw wkh ghpdqg iru vshfxodwlyh lqyhqwru|
zloo eh juhdwhu wkdq }hur li dqg rqo| li wkh ixwxuh sulfh h{shfwhg e| rswlpl}lqj vshfxodwruv lv kljk
hqrxjk wr fryhu fduu|lqj frvwv1 Wklv qrq0qhjdwlylw| frqvwudlqw rq lqyhqwrulhv lpsolhv wkdw wkh
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htxloleulxp sulfh lv qr orqjhu d olqhdu ixqfwlrq15 Lq sduwlfxodu/ wkh qrq0olqhdulw| wdnhv wkh irup ri
d nlqn dw wkh sulfh dw zklfk lqyhqwru| ghpdqg ehfrphv srvlwlyh1 Vlqfh wkh h{whqvlrqv sursrvhg
lq wklv duwlfoh suhvhuyh wkh qrq0olqhdu vwuxfwxuh ri wkh sulfh surfhvv/ zh hpsor| qxphulfdo urxwlqhv
wr hvwdeolvk wkh udwlrqdo h{shfwdwlrq vroxwlrq ri wkh prghov1 Vlpxodwlrqv duh wkhq xvhg wr h{dplqh
wkh wlph vhulhv surshuwlhv ri wkh gdwd1
Wkh sodq ri wkh duwlfoh lv dv iroorzv1 Vhfwlrq 5/ eulh | uhylvhv wkh edvlf vwrudjh prgho dqg
lqwurgxfhv wkh pdlq frqfhswv hpsor|hg wkurxjkrxw wkh sdshu1 Wkh uhdghu douhdg| idploldu zlwk
wklv prgho dqg wkh qxphulfdo whfkqltxhv hpsor|hg wr vroyh qrq0olqhdu udwlrqdo h{shfwdwlrqv prghov
frxog vnls wklv sduw1 Vhfwlrqv 6/ 7/ dqg 8 uhvshfwlyho| lqwurgxfh wkh vshflfdwlrqv zlwk jhvwdwlrq
odjv/ iruzdug frqwudfwv/ dqg d frqyhqlhqfh |lhog1 Vhfwlrq 9 suhvhqwv wkh pdlq hpslulfdo uhvxowv
dqg hydoxdwhv wkh glhuhqw h{whqvlrqv1 Ilqdoo|/ Vhfwlrq : frqfoxghv dqg vxjjhvwv dyhqxhv ri ixwxuh
uhvhdufk1
5 Wkh Edvlf Vwrudjh Prgho
Wkh udwlrqdo h{shfwdwlrqv frpshwlwlyh vwrudjh prgho ghvfulehv wkh rswlpdo lqyhqwru| ghflvlrq rq
wkh sduw ri ulvn0qhxwudo vshfxodwruv1 Wklv prgho lv qrz eulh | vxppdul}hg1 Ohw kduyhvw/ }|/ eh
jlyhq e|
}| @ } . x|>
zkhuh } lv d frqvwdqw/ dqg x| lv d glvwxuedqfh whup dvvxphg l=l=g=+3> 
2, zlwk wlph lqyduldqw glv0
wulexwlrq dqg frpsdfw vxssruw16 Wkh udqgrp glvwxuedqfh x| lv prvw lqwxlwlyho| lqwhusuhwhg dv d
zhdwkhu vkrfn1 Ghqrwh e| L|3c| wkh txdqwlw| khog dv lqyhqwru| iurp shulrg w 4 wr shulrg w1 Ohw u
eh wkh uhdo lqwhuhvw udwh dqg  eh d qrq0qhjdwlyh ghsuhfldwlrq frvw1 Wkdw lv/ wkh vwrudjh whfkqrorj|
|lhogv +4 , xqlwv ri jrrg lq shulrg w iru hdfk xqlw vwruhg lq shulrg w 411 Lw lv ixuwkhu dvvxphg
wkdw +l, wkh frqyhqlhqfh |lhog lv }hur vr wkdw wkhuh lv qr ghpdqg iru lqyhqwrulhv rwkhu wkdq iru
vshfxodwlyh sxusrvhv/ dqg +ll, lqyhqwrulhv duh frvwo| wr krog/ dqg khqfh +4  ,@+4 . u, ? 41 Zlwk
wkh deryh qrwdwlrq/ wkh txdqwlw| ri frpprglw| dydlodeoh dw wlph w +ghqrwhg e| {|, fdq eh zulwwhq
dv
{| @ }| . +4 ,L|3c|=
5Wkh lghd wkdw lqyhqwrulhv duh erxqghg ehorz e| }hur zdv ruljlqdoo| glvfxvvhg e| Vdpxhovrq +4<8:, dqg Jxvwdivrq
+4<8;,1 Pxwk +4<94, rewdlqv d olqhdu udwlrqdo h{shfwdwlrqv htxdwlrq rqo| xqghu wkh dvvxpswlrq wkdw vshfxodwlyh
lqyhqwrulhv fdq eh hlwkhu srvlwlyh ru qhjdwlyh
6Wklv vshflfdwlrq lpsolflwo| dvvxphv wkdw wkh frpprglw| vxsso| lv lqhodvwlf zlwk uhvshfw wr wkh h{shfwhg sulfh1
Wklv srvwxodwh lv vroho| pdgh iru wudfwdelolw| dqg grhv qrw dhfw wkh edvlf lpsolfdwlrqv ri wkh prgho1
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Ohw s| eh wkh sulfh ri wkh frpprglw| dw wlph w dqg G+s|, eh d ghwhuplqlvwlf ghpdqg ixqfwlrq zlwk
lqyhuvh ghpdqg ixqfwlrq ghqrwhg S+{|,1 Wkhq/ pdunhw fohdulqj uhtxluhv wkdw
{| @ }| . +4 ,L|3c| @G+s|, . L|c|n=
Wkh ghpdqg iru rqh0shulrg0dkhdg lqyhqwrulhv/ L|c|n/ lv wkh uhvxow ri lqwhuwhpsrudo duelwudjh e|
ulvn0qhxwudo vshfxodwruv1 Irupdoo|/ ohw H|s|n eh wkh h{shfwdwlrq ri s|n frqglwlrqdo rq lqirupdwlrq
dydlodeoh dw wlph w1 Wkh lqirupdwlrq vhw lv dvvxphg wr frqwdlq s|> }|/ dqg wkh glvwulexwlrq ri vxsso|
vkrfnv1 Duelwudjh lpsolhv wkdw ^vhh Vfkhlqnpdq dqg Vfkhfkwpdq +4<;6,`/
L|c|n  3 li +4 ,@+4 . u,H|s|n  s|> +4,
L|c|n @ 3 rwkhuzlvh=
Wkh lqwhusuhwdwlrq ri wklv Iluvw Rughu Frqglwlrq lv vwudljkwiruzdug1 Surw pd{lpl}lqj vwrfnkroghuv
zloo ghpdqg srvlwlyh lqyhqwrulhv li dqg rqo| li wkh h{shfwhg ixwxuh sulfh lv kljk hqrxjk wr fryhu
fduu|lqj frvwv1 Rwkhuzlvh/ wkh lqyhqwru| ghpdqg zloo eh }hur1
Ghdwrq dqg Odurtxh +4<<5, ghprqvwudwh wkh h{lvwhqfh ri dq htxloleulxp iru wklv prgho dqg vkrz
wkdw sulfhv iroorz dq hujrglf surfhvv zlwk d qrq0}hur suredelolw| ri ehlqj lq wkh vwrfnrxw uhjlph
lq qlwh wlph1 Vlqfh lqyhqwrulhv vhuyh dv lqwhuwhpsrudo olqn ehwzhhq wzr shulrgv/ sulfhv iroorz
d olqhdu uvw0rughu dxwruhjuhvvlyh surfhvv lq wkh vwrfnkroglqj uhjlph zlwk d frqglwlrqdo yduldqfh
wkdw lqfuhdvhv dv wkh ohyho ri vwrfnv glplqlvkhv1 Krzhyhu/ zkhq vwrfnv duh qrw khog/ wkh pdunhw
sulfh lv klvwru| lqghshqghqw vlqfh lw lv frpsohwho| ghwhuplqhg e| wkh frqwhpsrudqhrxv kduyhvw1
Dffruglqjo|/ sulfhv lq wkh vwrfnrxw uhjlph iroorz d zklwh qrlvh surfhvv1 Wkh ryhudoo sulfh surfhvv
lv d qrq0olqhdu uvw0rughu Pdunry surfhvv zlwk d nlqn dw wkh sulfh
sW @ +4 ,@+4 . u,H|s|n>
wkdw lv frqvwdqw xqghu wkh dvvxpswlrq wkdw vkrfnv wr kduyhvwv duh l=l=g=
Gxh wr wkh qrq0qhjdwlylw| frqvwudlqw lq lqyhqwrulhv/ wkh sulfh surfhvv lv qrq0olqhdu1 Wkxv/ lw
qrw ihdvleoh wr qg dq h{solflw forvh0irup vroxwlrq iru wkh djhqwv* sulfh iruhfdvw1 Wr dgguhvv wklv
sureohp/ Ghdwrq dqg Odurtxh +4<<5, rewdlq qxphulfdo vroxwlrqv e| lwhudwlqj ryhu wkh htxloleulxp
sulfh ixqfwlrq xqwlo frqyhujhqfh1 Rwkhu phwkrgv iru vroylqj qrq0olqhdu udwlrqdo h{shfwdwlrqv prgho
duh glvfxvvhg lq Wd|oru dqg Xkolj +4<<3,1 Wklv duwlfoh hpsor|v wkh surfhgxuh sursrvhg e| Ghq Kddq
dqgPdufhw +4<<3, wkdw lqyroyhv sdudphwhul}lqj wkh frqglwlrqdo sulfh h{shfwdwlrq lq wkh whupv ri wkh
prgho vwdwh yduldeohv1 Pruh suhflvho|/ wkh djhqwv* sulfh iruhfdvw lv h{suhvvhg dv d qlwh/ orz0rughu
sro|qrpldo ri wkh vwdwh yduldeohv1 Iru wkh edvlf vwrudjh prgho/ wkhuh lv rqo| rqh vwdwh yduldeoh/
qdpho| wkh fxuuhqw ohyho ri lqyhqwrulhv1 Wkhuhiruh/ rqh frxog uhsuhvhqw wkh djhqwv* iruhfdvw ri wkh
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ixwxuh sulfh dv d sro|qrpldo lq wkh ohyho ri vwrfnv zlwk dq dvvrfldwhg vhw ri frh!flhqwv17 Dffruglqj/
zh srvwxodwh wkh ixqfwlrq
H|s|n @ #+L|c|n,> +5,
zkhuh #+, ghqrwhv d qlwh sro|qrpldo1 Suhvxpdeo|/ #+, lv d ghfuhdvlqj dqg frqyh{ ixqfwlrq ri
wkh ohyho ri lqyhqwrulhv vr wkdw wkh odujhu wkh fxuuhqw ohyho ri vwrfnv/ wkh odujhu wkh dydlodelolw| lq wkh
ixwxuh shulrg dqg wkh orzhu wkh h{shfwhg sulfh1 Jlyhq d vhw ri vwuxfwxudo sdudphwhuv dqg dq lqlwldo
julg ri lqyhqwrulhv dqg kduyhvw vkrfnv/ lw lv srvvleoh wr hpsor| Ruglqdu| Ohdvw Vtxduhv wr rewdlq
hvwlpdwhv ri wkh sro|qrpldo frh!flhqwv dqg wkh Qhzwrq*v phwkrg wr dgmxvw wkhvh frh!flhqwv xqwlo
wkh udwlrqdo h{shfwdwlrqv vroxwlrq rewdlqv18
Wkh edvlf vshfxodwlyh vwrudjh prgho fdq dffxudwho| uhsolfdwh vrph ri wkh ihdwxuhv ri wkh gdwd1
Vshflfdoo|/ wkh vlpxodwhg prgho ihdwxuhv wkh shulrglf sulfh vslnhv wkdw duh rffdvlrqdoo| revhuyhg
lq wkh dfwxdo wlph vhulhv ^vhh Ghdwrq dqg Odurtxh +4<<5/ s1 47,`1 Rq wkh rwkhu kdqg/ uhgxfhg
irup hvwlpdwlrqv ^Qj +4<<9,` dqg hydoxdwlrqv ri wkh prgho edvhg rq hvwlpdwlrq ri wkh vwuxfwxudo
sdudphwhuv ^Ghdwrq dqg Odurtxh +4<<5,` doo qg wkdw wkh shuvlvwhqfh lq sulfh gdwd lv pxfk kljkhu
wkdq suhglfwhg e| wkh wkhru|1 Wkh qdwxudo h{sodqdwlrq iru wklv uhvxow lv wkdw wkh vkrfnv wr wkh prgho
duh olnho| wr eh vhuldoo| fruuhodwhg udwkhu wkdq l11l1g1 dv dvvxphg lq wkh ruljlqdo prgho1 Iru h{dpsoh/
li glvwxuedqfhv duh srvlwlyho| vhuldoo| fruuhodwhg/ d |hdu ri jrrg zhdwkhu dqg sohqwlixo kduyhvw zrxog
whqg wr eh iroorzhg e| dqrwkhu |hdu ri jrrg zhdwkhu dqg dexqgdqw kduyhvw1 Krzhyhu/ Ghdwrq dqg
Odurtxh +4<<9, dqg Fkdpehuv dqg Edloh| +4<<9, doorz vhuldoo| fruuhodwhg vxsso| vkrfnv exw kdyh
rqo| olplwhg vxffhvv lq dffrxqwlqj iru wkh vhuldo fruuhodwlrq lq sulfhv1
Wklv sdshu vhhnv wr h{sodlq wkh shuvlvwhqfh ri frpprglw| sulfhv e| h{solflwo| prgholqj uhdolvwlf
ihdwxuhv wkh qdqfldo pdunhwv dqg wkh surgxfwlyh surfhvv1 Lw lv dujxhg dw wkh wkhruhwlfdo dqg
hpslulfdo ohyhov wkdw wkh h{whqvlrqv ri wkh edvlf vwrudjh prgho sursrvhg ehorz fdq sduwldoo| h{sodlq
wkh kljk vhuldo fruuhodwlrq lq sulfhv1
6 Jhvwdwlrq Odjv dqg Khwhurvnhgdvwlf Vxsso| Vkrfnv
Wkh surgxfwlrq ri frpprglwlhv wdnhv wlph1 Fdvk fursv vxfk dv frwwrq dqg whd duh qrw lpphgldwho|
kduyhvwhg diwhu sodqwlqj/ dqg wkh hyhqwxdo txdqwlw| ri rxwsxw ghshqgv rq wkh vhtxhqfh ri +zhdwkhu,
vkrfnv ehwzhhq sodqwlqj dqg kduyhvw1 Olnhzlvh/ lqgxvwuldo frpprglwlhv vxfk dv lurq dqg frsshu
uhtxluh wlph wr eh plqhg dqg uhqhg1 Zkloh wkh prgho suhvhqwhg ehorz ehwwhu ghvfulehv wkh fdvh
ri djulfxowxudo fursv wkdw frqvwlwxwh prvw ri rxu vdpsoh/ lwv lpsolfdwlrqv duh hdvlo| jhqhudol}hg wr
7Mxgg +4<<3, uljrurxvo| ghihqgv wkh xvh ri sro|qrpldov wr dssur{lpdwh qrq0olqhdu ixqfwlrqv1
8Zlooldpv dqg Zuljkw +4<<4/ ss1 ;40<3, ghvfuleh wkh dojrulwkp lq ghwdlo iru wkh fdvhv zlwk dqg zlwkrxw vxsso|
hodvwlflw|1
8
lqgxvwuldo frpprglwlhv1
Jhvwdwlrq odjv kdyh vhyhudo lpsruwdqw lpsolfdwlrqv1 Iluvw/ wkhuh pljkw eh shulrgv zlwk qr
surgxfwlrq1 Iru h{dpsoh/ iru djulfxowxudo frpprglwlhv wklv pljkw eh gxh wr wkh idfw wkdw kduyhvwlqj
wdnhv sodfh lq d sduwlfxodu vhdvrq+v,1 Fhwhulv sdulexv/ wklv olplwv dydlodelolw| wr wkh pdunhw dqg
lqfuhdvhv wkh suredelolw| ri vwrfnrxw1 Krzhyhu/ surw0pd{lpl}lqj vshfxodwruv kdyh dq lqfhqwlyh
wr wudqvihu vrph ri wkh jrrg +dv lqyhqwru|, wr wkh shulrg zlwkrxw surgxfwlrq dqg frxog wkhuhiruh
ghfuhdvh wkh suredelolw| ri vwrfnrxwv1 Wkxv/ lw lv frqfhlydeoh wkdw wkh qhw hhfw ri jhvwdwlrqv odjv
lv wr uhgxfh wkh qxpehu ri shulrgv zkhuh wkh lqwhuwhpsrudo sulfh olqn lv vhyhuhg dqg/ frqvhtxhqwo|/
wr lqfuhdvh wkh hvwlpdwhg vhuldo fruuhodwlrq1
Vhfrqg/ wkh shulrglflw| lq surgxfwlrq shuplwv wkh vwudljkwiruzdug lqwurgxfwlrq ri khwhurvnhgdv0
wlflw| lq vxsso| vkrfnv1 Lqwxlwlyho|/ wkh yduldqfh ri zhdwkhu vkrfnv pljkw glhu dfurvv prqwkv ru
vhdvrqv1 Xqghu fhuwdlq frqglwlrqv/ wklv khwhurvnhgdvwlflw| fdq eh dovr lqwhusuhwhg dv prgholqj vhd0
vrqdo hhfwv lq frqvxpswlrq1 Vshflfdoo|/ lq wkh fdvh zkhq wkh lqyhuvh ghpdqg ixqfwlrq lv ri wkh
olqhdu irup S+{, @ d. e{/ wkh sdudphwhu e fdqqrw eh vhsdudwho| lghqwlhg iurp wkh yduldqfh ri wkh
kduyhvw ^vhh Ghdwrq dqg Odurtxh +4<<9,/ ss1 <380<39`1 Vlqfh d uhvhdufkhu xvlqj sulfh gdwd fdq rqo|
lghqwli| wkh udwlr e@> fkdqjhv lq  dfurvv vhdvrqv zrxog eh revhuydwlrqdoo| htxlydohqw wr fkdqjhv
lq wkh vorsh ri wkh ghpdqg ixqfwlrq e dfurvv vhdvrqv1
Wklug/ zkloh vxssolhuv fdqqrw uhylvh wkhlu surgxfwlrq vfkhgxohv rqfh wkh furs kdv ehhq sodqwhg/
vshfxodwruv fdq revhuyh vkrfnv lq ehwzhhq kduyhvwv1 Wklv lqirupdwlrq doorzv djhqwv wr xsgdwh
wkhlu iruhfdvw derxw wkh vl}h ri wkh lqfrplqj kduyhvw dqg ghpdqg lqyhqwrulhv frqvlvwhqw zlwk wkhlu
uhylvhg h{shfwdwlrqv ri wkh rqh0shulrg0dkhdg sulfh1 Wkxv/ wkh wudglqj ri frpprglwlhv wdnhv sodfh
rq d frqwlqxrxv edvlv lq vslwh ri wkh shulrglflw| lq wkh surgxfwlrq surfhvv1
Ilqdoo|/ wr wkh h{whqw wkdw qhzv duh doorzhg wr kdyh dq hhfw rq wkh sulfhv/ d prgho zlwk jhvwdwlrq
odjv pljkw jhqhudwh odujh sulfh lqfuhdvhv zlwkrxw vwrfnrxwv lq wkh frqwhpsrudqhrxv shulrg1 Iru
h{dpsoh/ frqvlghu wkh vlwxdwlrq zkhq d edg zhdwkhu vkrfn kdv dhfwhg wkh fxuuhqw furs1 Wkh
dqwlflsdwlrq ri d vpdoohu kduyhvw dqg d kljk sulfh lq wkh lqfrplqj shulrg surpswv udwlrqdo djhqwv wr
lqfuhdvh wkhlu fxuuhqw ghpdqg iru lqyhqwrulhv wr wdnh dgydqwdjh ri wkh h{0dqwh surw rssruwxqlw|1
Wkxv/ wkh fxuuhqw sulfh ulvhv1 Iru d odujh hqrxjk qhjdwlyh vkrfn/ wkh sulfh lqfuhdvh frxog eh
vljqlfdqw hqrxjk wr uhsolfdwh wkh odujh sulfh vslnhv revhuyhg lq frpprglw| gdwd19
Wr irupdol}h wklv lghd/ lw lv dvvxphg wkdw d surgxfwlrq f|foh wdnhv wzr shulrgv1 Pruh suhflvho|/
wkh furs jurzv gxulqj wkh rgg shulrgv zkloh wkh kduyhvw dqg vxevhtxhqw sodqwlqj wdnh sodfh lq wkh
9D uhfhqw h{dpsoh ri wklv dowhuqdwlyh h{sodqdwlrq ri sulfh vslnhv zdv wkh odujh lqfuhdvh lq fxuuhqw dqg ixwxuh
sulfhv ri frhh lq Mxqh ri 4<<7 iroorzlqj xqxvxdoo| orz whpshudwxuhv lq Vrxwkhuq Eud}lo ^vhh Wkh Hfrqrplvw/ 5 Mxo|
4<<7/ s1 <9`1
9
hyhq shulrgv1: Dffruglqjo|/ kduyhvw +ghqrwhg dv ehiruh e| }|, lv dhfwhg e| wkh vkrfnv gxulqj wkh
jurzlqj dqg kduyhvwlqj vhdvrqv1 Ohw } eh phdq rxwsxw dqg x ghqrwh wkh l=l=g= vkrfn wr vxsso| lq
shulrg m= Dvvxph wkdw wkh vwdwlvwlfdo glvwulexwlrq jhqhudwlqj wkh revhuydwlrqv ri x kdv d yduldqfh
wkdw pljkw glhu dffruglqj wr zkhwkhu wkh shulrg lv rgg +, ru hyhq +2,1
; Wkhq/ wkh kduyhvw lq
+wkh hyhq, shulrg w lv
}| @ } . x|3 . x|>
dqg wkh dydlodelolw| lv
{| @ }| . +4 ,L|3c|=
Frpsdudeoh h{suhvvlrqv krog iru wkh rwkhu hyhq shulrgv/ qdpho| w . 5> w . 7> hwf1 Lq wkh rgg
shulrgv/ zkhq wkhuh lv qr kduyhvw/ wkh rqo| vrxufh ri dydlodelolw| lv suhylrxvo| dffxpxodwhg vwrfnv1
Vshflfdoo| lq shulrg w. 4/
{|n @ +4 ,L|c|n>
zlwk vlplodu h{suhvvlrqv kroglqj iru wkh rwkhu rgg shulrgv/ w.6> w.8> hwf1 Pdunhw fohdulqj lq hyhq
dqg rgg shulrgv uhtxluhv wkdw
w= {| @ }| . +4 ,L|3c| @ G+s|, . L|c|n
w.4= {|n @ +4 ,L|c|n @ G+s|n, . L|nc|n2>
zkhuh G+s|, lv d ghwhuplqlvwlf ghpdqg ixqfwlrq1 Vshfxodwlyh vwrfnkroglqj lv qrz jryhuqhg e| d
sdlu ri duelwudjh frqglwlrqv=
L|c|n  3 li +4 ,@+4 . u,H|s|n @ s|> +6,
L|nc|n2  3 li +4 ,@+4 . u,H|ns|n2 @ s|n=
Qrwlfh wkdw wkh duelwudjh frqglwlrqv +6, lpso| +dv lq wkh edvlf prgho, wkdw sulfhv iroorz d olqhdu
uvw0rughu dxwruhjuhvvlyh surfhvv zlwk frqvwdqw frh!flhqw +4.u,@+4, lq wkh vwrfnkroglqj uhjlph
dqg d zklwh qrlvh surfhvv lq wkh vwrfnrxw uhjlph1 Krzhyhu/ rqfh khwhurvnhgdvwlflw| lv doorzhg lq
surgxfwlrq vkrfnv/ wkh wkuhvkrog sulfh sW lv qr orqjhu xqltxh1 Lqvwhdg/ wkhuh duh wzr glvwlqfw sWv
dvvrfldwhg zlwk wkh rgg dqg hyhq shulrgv uhvshfwlyho| ^vhh Fkdpehu dqg Edloh| +4<<9/ s1 <6;,`1
Zkloh jhvwdwlrq odjv gr qrw ixqgdphqwdoo| dowhu wkh qrq0olqhdu vwuxfwxuh ri wkh sulfh surfhvv/
wkh| pljkw vwloo lqfuhdvh wkhlu vhuldo fruuhodwlrq ehfdxvh erwk wkh shulrglf devhqfh ri qhz surgxfwlrq
:Orzu| hw do1 +4<;:, ghyhors d txduwhuo| prgho iru vr|ehdqv zlwk vwrudjh zlwklq dqg dfurvv furs |hduv1 Lq wkhlu
prgho/ wkh judlq lv kduyhvwhg rqo| lq rqh ri wkh txduwhuv1
;Fkdpehuv dqg Edloh| +4<<9/ s1 <73, vkrz wkh h{lvwhqfh dqg xqltxhqhvv ri wkh htxloleulxp sulfh ixqfwlrq zlwk
shulrglf glvwxuedqfhv1
:
dqg wkh lqirupdwlrq uhyhdohg e| zhdwkhu vkrfnv kdyh wkh hhfw ri lqgxflqj vshfxodwruv wr krog
lqyhqwrulhv dqg pljkw uhgxfh wkh suredelolw| ri vwrfnrxwv1 Vlqfh wkh lqwhuwhpsrudo sulfh olqn pljkw
eh vhyhuhg ohvv iuhtxhqwo|/ wkh suhglfwhg sulfh shuvlvwhqfh pljkw eh odujhu wkdq lpsolhg e| wkh edvlf
vwrudjh prgho1<
Dowkrxjk wkh lqwhusuhwdwlrq ri wkh deryh duelwudjh frqglwlrqv lv vlplodu wr wkdw wkh edvlf vwrudjh
prgho/ wkhuh lv d dq lpsruwdqw glhuhqfh lq wkh vhw ri lqirupdwlrq dydlodeoh wr djhqwv wr frqvwuxfw
wkhlu sulfh iruhfdvwv1 Lq wkh edvlf vwrudjh prgho/ vshfxodwruv dozd|v revhuyh fxuuhqw shulrg rxwsxw1
Lq wkh prgho zlwk jhvwdwlrq odjv/ vshfxodwruv rqo| revhuyh wkh fxuuhqw vxsso| vkrfn lq wkh rgg
shulrgv dqg wkh ohyho ri rxwsxw lq wkh hyhq shulrgv1 Pruhryhu/ wkh vkrfnv +ru qhzv, lq wkh rgg
shulrg uhyhdo lqirupdwlrq derxw wkh vl}h ri wkh kduyhvw dqg wkh sulfh lq wkh lqfrplqj shulrg1 Vlqfh
djhqwv duh udwlrqdo dqg pdnh xvh ri doo lqirupdwlrq dydlodeoh/ wkh lqirupdwlrq uhyhdohg e| kduyhvw
vkrfnv lq wkh rgg shulrg lv h{sorlwhg e| djhqwv zkhq pdnlqj wkhlu lqyhqwru|0kroglqj ghflvlrq iru
qh{w shulrg1 Pruh irupdoo|/ wkhuh duh wzr vwdwh yduldeohv lq wkh rgg shulrgv zlwkrxw kduyhvw +wkh
fxuuhqw ohyho ri lqyhqwrulhv dqg wkh fxuuhqw vxsso| vkrfn, dqg rqo| rqh vwdwh yduldeoh lq wkh hyhq
shulrg zlwk kduyhvw +wkh ohyho ri lqyhqwrulhv1, Wkxv/
w= H|s|n @ #2+L|c|n,> +7,
w.4= H|ns|n2 @ #+L|nc|n2> x|n,=
Wkh frh!flhqwv iru #2 dqg # duh wr eh ghwhuplqhg qxphulfdoo| dv ghvfulehg deryh1
7 Pxowlshulrg Iruzdug Frqwudfwv
Rqh lqvwlwxwlrqdo ihdwxuh ri wudglqj lq frpprglw| pdunhwv lv wkdw frqwudfwv zlwk glhuhqw kroglqj
shulrg duh dydlodeoh1 Iru h{dpsoh/ wkh Fklfdjr Erdug ri Wudgh olvwv iruzdug frqwudfwv iru frhh iru
gholyhu| dv vkruw dv wkuhh prqwkv dqg dv orqj dv rqh |hdu1 Wklv vhfwlrq h{dplqhv wkh hpslulfdo lp0
solfdwlrqv ri pxowlshulrg frqwudfwv rq frpprglw| sulfhv1 Hduolhu uhvhdufk lq pdfurhfrqrplfv ^h1j1/
Ilvfkhu +4<::, dqg Wd|oru +4<:</ 4<;3,` vkrzv wkdw lq oderu pdunhwv/ ryhuodsslqj zdjh frqwudfwv
lqfuhdvh wkh ghjuhh ri uljlglw| ri wkh hqgrjhqrxv yduldeoh1 Wkxv/ rqh pljkw h{shfw wkdw ryhuodsslqj
iruzdug frqwudfwv lq frpprglw| pdunhwv pljkw lqfuhdvh wkh ghjuhh ri vhuldo fruuhodwlrq lq sulfhv
ylv d ylv wkh rqh suhglfwhg e| wkh edvlf vwrudjh prgho +zkhuh wklv ihdwxuh lv devhqw1,
Wr prgho pxowlshulrg frqwudfwv/ ohw L|nc|n ghqrwh lqyhqwrulhv fduulhg lq shulrg w.l iru gholyhu|
lq shulrg w . m1 Wkh edvlf vwrudjh prgho lv wkh vshfldo fdvh zkhuh m  l @ 41 Iru wudfwdelolw|/ zh
<Qrwlfh wkdw wkh shulrglf duulydo ri wkh kduyhvw pljkw uhgxfh wkh djhqwv lqfhqwlyh wr fduu| lqyhqwrulhv iurp wkh
rgg wr wkh hyhq shulrgv1 Wkxv/ jhvwdwlrq odjv pljkw dovr uhgxfh wkh vhuldo fruuhodwlrq lq sulfhv1 Zklfk rqh ri wkh wzr
hhfwv grplqdwhv lv dq hpslulfdo pdwwhu wr eh h{dplqhg lq Vhfwlrq 91
;
frqfhqwudwh rq frqwudfwv zlwk d pd{lpxp kroglqj shulrg ri wzr shulrgv1 Wkxv/ m  l @ 4 iru rqh
shulrg frqwudfwv/ dqg m  l @ 5 iru wzr shulrg frqwudfwv1 Lq wklv vhwxs/ wkh dydlodelolw| lq hdfk
shulrg frqvlvwv ri wkh frqwhpsrudqhrxv surgxfwlrq dqg wkh lqyhqwrulhv frqwudfwhg lq shulrgv w 4
dqg w 5 wr eh gholyhuhg lq wkh fxuuhqw shulrg/ wkdw lv/
{| @ }| . +4 ,L|3c| . +4 ,
2L|32c|=
Dv lq wkh vlpsoh vwrudjh prgho/ wkh kduyhvw lv dvvxphg wr eh ghvfulehg e| }| @ } . x|/ zkhuh x| lv
dq l=l=g glvwxuedqfh zlwk phdq }hur dqg frqvwdqw yduldqfh1 Ohw G+s|, eh d ghwhuplqlvwlf ghpdqg
ixqfwlrq dqg qrwh wkdw pdunhw fohdulqj uhtxluhv
}| . +4 ,L|3c| . +4 ,
2L|32c| @ G+s|, . L|c|n . L|c|n2=
Lq wklv fdvh vshfxodwlyh vwrfnkroglqj pxvw vdwlvi| d sdlu ri duelwudjh frqglwlrqv wkdw krog vlpxowd0
qhrxvo| lq hyhu| shulrg wr ghwhuplqh wkh ghpdqg iru rqh0shulrg dqg wzr0shulrg dkhdg lqyhqwrulhv1
Vshflfdoo|/
L|c|n  3 li +4 ,@+4 . u,H|s|n @ s|> +8,
L|c|n2  3 li ^+4 ,@+4 . u,`
2H|s|n2 @ s|=
Dv ehiruh/ vshfxodwruv zloo fduu| lqyhqwrulhv li dqg rqo| li wkh h{shfwhg fdslwdo jdlq vx!fhv wr
fryhu vwrudjh frvwv1 Lw lv dvvxphg wkdw vshfxodwruv kroglqj wzr0shulrg lqyhqwrulhv duh frqwudfwxdoo|
suhyhqwhg iurp uroolqj ryhu wkhlu lqyhqwrulhv1 Wkdw lv/ rqfh d vwrfn kroghu djuhhv wr gholyhu L|c|n2
xqlwv ri wkh jrrg lq shulrg w. 5/ vkh pxvw sk|vlfdoo| krog wkh vwrfnv gxulqj wkh frqwudfwhg shulrg
dqg/ frqvhtxhqwo|/ lv xqdeoh wr prgli| khu vwrfnkroglqj lq oljkw ri qhz lqirupdwlrq dydlodeoh diwhu
khu ghflvlrq zdv pdgh143 Wkxv/ wkh suhvhqfh ri ryhuodsslqj frqwudfwv phdqv wkdw/ hyhq li wkh
zhdwkhu vkrfnv duh vhuldoo| xqfruuhodwhg/ wkhlu hhfw rq wkh frpprglw| sulfh odvw orqjhu wkdq wkh
frqwudfw shulrg1
Wkh shuvlvwhqw hhfwv ri zhdwkhu vkrfnv fdq dovr eh vhhq e| qrwlqj wkdw lq wklv vhw xs wkhuh
duh wzr glhuhqw wkuhvkrogv ydoxhv sW1 Pruh suhflvho|/ vshfxodwruv zloo krog rqh0shulrg frqwudfwv
zkhqhyhu wkh fxuuhqw sulfh lv ehorz sW

@ +4 ,@+4. u,H|s|n dqg wzr0shulrg frqwudfwv zkhqhyhu
wkh sulfh lv orzhu wkdq sW2 @ ^+4  ,@+4 . u,`
2H|s|n2= Dv zloo eh vkrzq lq Vhfwlrq 9/ wkh idfw wkdw
frqwudfwv ri glhuhqw pdwxulw| duh vxemhfw wr glhuhqw duelwudjh frqglwlrqv pdnhv lw srvvleoh wr
ghfrpsrvh wkh ohyho ri vwrfnv ehwzhhq wkrvh khog iru rqh shulrg dqg wzr shulrgv1
Lq wklv prgho zlwk pxowlshulrg frqwudfwv/ wkh qxpehu ri vwdwh yduldeohv lv vxevwdqwldoo| odujhu
wkdq lq wkh prghov frqvlghuhg deryh1 Wkh djhqwv* iruhfdvw ri wkh ixwxuh sulfh lv d ixqfwlrq ri wkh
43Wkh dvvxpswlrq lv htxlydohqw wr wkh rqh lq Ilvfkhu +4<::, zkhuh wzr0shulrg oderu frqwudfwv fdqqrw eh uhqhjrwldwhg
dw wkh hqg ri wkh uvw whup1
<
ohyho ri doo w|shv ri lqyhqwrulhv fxuuhqwo| khog e| vshfxodwruv/ dqg lq wkhru|/ wkh rqh dqg wzr shulrg
dkhdg h{shfwdwlrqv vkrxog eh uhvshfwlyho| sdudphwhul}hg dv H|s|n @ #e+L|3c|n> L|c|n> L|c|n2,>dqg
H|s|n2 @ #D+L|3c|n> L|c|n> L|c|n2,= Qrwlfh krzhyhu/ wkdw iurp wkh shuvshfwlyh ri djhqwv/ L|c|n
dqg L|c|n2 duh edvhg rq dqg h{dfwo| frqwdlq wkh vdph lqirupdwlrq11 Wkxv/ wkh lqfoxvlrq ri erwk
dujxphqwv gxulqj wkh ROV hvwlpdwlrq ri wkh h{shfwdwlrqv sro|qrpldo |lhogv frolqhdulw| dprqj
wkhvh wzr uhjuhvvruv1 Wkhuhiruh/ iru wkh fdofxodwlrq ri wkh h{shfwdwlrqv frh!flhqwv/ wkh iroorzlqj
sdudphwhul}dwlrq zdv hpsor|hg
H|s|n @ #

e+L|3c|n> L|c|n,> +9,
dqg
H|s|n2 @ #

D+L|3c|n> L|c|n2,> +:,
zkhuh wkh frh!flhqwv #

e dqg #

D vdwlvi| wkh dvvxpswlrq ri udwlrqdo h{shfwdwlrqv dqg duh qxphulfdoo|
hvwlpdwhg iru hdfk frpprglw| lq wkh vdpsoh1
Pxowl0shulrg frqwudfwv pljkw lqfuhdvh wkh suhglfwhg shuvlvwhqfh lq sulfhv ehfdxvh wkh| surylgh
dgglwlrqdo vrxufhv ri vxsso| lq hyhu| shulrg dqg xqdpeljxrxvo| uhgxfh wkh suredelolw| ri vwrfnrxw1
Wkh hhfw ri ryhuodsslqj frqwudfwv rq wkh wlph vhulhv surshuwlhv ri sulfhv zloo ghshqg rq wkh
djhqw*v zloolqjqhvv wr fduu| pxowl0shulrg lqyhqwrulhv1 Zh zloo vkrz lq Vhfwlrq 9 wkdw lq frqwudvw wr
hduolhu olwhudwxuh rq vwrudjh zkhuh frqwudfwv duh devhqw dqg vwrfnkroghuv duh iuhh wr uroo0ryhu wkhlu
lqyhqwrulhv/ d prgho zlwk ryhuodsslqj frqwudfwv fdq sduwldoo| h{sodlq wkh kljk vhuldo fruuhodwlrq lq
sulfhv1
8 Wkh Frqyhqlhqfh \lhog
Wkh duelwudjh frqglwlrq lpsolhg e| wkh ydulrxv prghov deryh doo srvwxodwh wkdw wkh ghpdqg iru
lqyhqwrulhv zloo eh srvlwlyh rqo| zkhq wkh edvlv +l1h1/ wkh glhuhqfh ehwzhhq wkh ixwxuh h{shfwhg
sulfh dqg wkh fxuuhqw vsrw sulfh, lv hqrxjk wr fryhu vwrudjh frvwv1 Dv d gluhfw frqvhtxhqfh ri wklv/
wkh prghov dgplw }hur dv wkh orzhu erxqg iru lqyhqwrulhv1 Krzhyhu/ hduolhu olwhudwxuh rq vwrudjh
kdv srlqwhg rxw wkdw lq fhuwdlq lqvwdqfhv lqglylgxdov dqg upv vhhp wr eh zloolqj wr fduu| vwrfnv
hyhq zkhq wkh glhuhqfh ehwzhhq wkh ixwxuh h{shfwhg sulfh dqg wkh fxuuhqw sulfh lv ohvv wkdq wkh
frvw ri vwrudjh144 Wkuhh srvvleoh h{sodqdwlrqv kdyh ehhq dgydqfhg wr dffrxqw iru wklv dssduhqw
qhjdwlyh uhwxuq wr vwrudjh1 Iluvw/ Ydqfh +4<79, vxjjhvwv wkdw djhqwv pljkw xqgxo| glvfrxqw wkh
ixwxuh uhodwlyh wr wkh suhvhqw1 Wr vxssruw wklv ylhz/ Ydqfh flwhv hpslulfdo hylghqfh froohfwhg e|
44Wklv revhuydwlrq lv qrw xqlyhuvdoo| vkduhg1 Zlooldpv dqg Zuljkw +4<<4, glvplvv wkh hpslulfdo revhuydwlrq ri
vwrfnkroglqj ehorz ixoo fduu|lqj fkdujhv dv dq djjuhjdwlrq skhqrphqrq ^vhh dovr/ Zlooldpv +4<;9, dqg Zuljkw dqg
Zlooldpv +4<;<,`1
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Ydloh +4<77, wkdw lqglfdwhv wkdw ixwxuh sulfhv duh frqvlvwhqwo| orzhu dw wkh ehjlqqlqj wkdq dw wkh
forvh ri wkh wudglqj shulrg iru hdfk frqwudfw frqvlghuhg1
D vhfrqg h{sodqdwlrq +wkdw dovr dffrxqwv iru Ydloh*v revhuydwlrq, lv wkdw ixwxuhv sulfhv pljkw
eh grzqzdugo| eldvhg dv d uhvxow ri d ulvn suhplxp1 Wklv h{sodqdwlrq lv uhodwhg wr wkh wkhru| ri
qrupdo edfnzdugdwlrq sursrvhg e| Nh|qhv +4<63, dqg srvwxodwhv wkdw vlqfh surgxfwlrq pxvw eh
sodqqhg zhoo dkhdg ri frqvxpswlrq/ khgjhuv dv d zkroh kdyh d whqghqf| wr jr vkruw lq ixwxuhv dqg/
frqvhtxhqwo|/ d srvlwlyh ulvn suhplxp lv uhtxluhg wr shuvxdgh vshfxodwruv wr wdnh wkh fruuhvsrqglqj
orqj srvlwlrq1 Vxevhtxhqw hpslulfdo uhvhdufk kdv vrxjkw wr ghwhfw wkh suhvhqfh dqg hydoxdwh wkh
pdjqlwxgh ri wkh h{shfwhg ulvn suhplxp zlwk lqfrqfoxvlyh uhvxowv ^vhh Whovhu +4<8;,/ Frrwqhu +4<93/
4<9:,/ Gxvdn +4<:6,/ Euhhghq +4<;3,/ dqg Idpd dqg Iuhqfk +4<;:,`1
D wklug h{sodqdwlrq iru lqyhqwru| kroglqj ehorz fduu|lqj fkdujhv lv sursrvhg e| Ndogru +4<6<,
zkr vxjjhvwv wkdw wkh uhwxuq ri vwrudjh pljkw lqfoxgh d frpsrqhqw ri frqyhqlhqfh/ wkdw lv/
wkh srvvlelolw| ri xvlqj wkh vwruhg pdwhuldov zkhqhyhu ghvluhg1 Lq wkh fdvh ri d surgxfhu/ wklv
uhwxuq frxog dulvh ehfdxvh lqyhqwrulhv +l, uhgxfh wkh qhhg wr uhylvh surgxfwlrq vfkhgxohv/ +ll,
doorz wkh vxssolhu wr wdnh dgydqwdjh ri xqh{shfwhgo| kljkhu sulfhv wr txlfno| phhw ghpdqg zlwkrxw
lqfuhdvlqj surgxfwlrq/ +lll, glplqlvk wkh suredelolw| ri kdylqj wr wxuq grzq ex|huv/ dqg +ly, uhgxfh
uhsohqlvkphqw frvwv dqg wlph ghod|v lq gholyhu|1 Lq wkh fdvh ri d frqvxphu/ d frqyhqlhqfh |lhog frxog
dulvh li hlwkhu wkh wlplqj ru ohyho ri frqvxpswlrq duh vwrfkdvwlf1 Wkxv/ zkhwkhu wkh vwrfnkroghuv
duh sod|huv lq wkh vxsso| vlgh ru wkh ghpdqg vlgh ri wkh pdunhw/ wkhuh lv olnho| d frqyhqlhqfh uhwxuq
wkdw frxog sduwldoo| rvhw wkh sk|vlfdo dqg qdqfldo frvwv ri fduu|lqj vwrfnv1
Wkh sursrvlwlrq wkdw lqyhqwru| kroghuv pljkw ghulyh d frqyhqlhqfh |lhog iurp kroglqj lqyhqwrulhv
lv hpehgghg lq wkh fodvvlfdo vxsso| ri vwrudjh ixqfwlrq h{dplqhg hpslulfdoo| e| Zrunlqj +4<67/
4<7<,/ Euhqqdq +4<8;,/ Idpd dqg Iuhqfk +4<;:/ 4<;;,/ dqg Pludqgd dqg Uxl +4<<9,1 Dv d zkroh/
wklv erg| ri uhvhdufk dsshduv wr lqglfdwh wkdw lqghhg wkhuh pljkw eh qrw rqo| d vshfxodwlyh/ exw dovr
d frqyhqlhqfh prwlyh iru lqyhqwru| kroglqj1 Krzhyhu/ wkh lpsolfdwlrqv ri lqwurgxflqj frqyhqlhqfh
|lhog rq wkh wlph vhulhv surshuwlhv ri frpprglw| sulfhv uhpdlqv wr eh lqyhvwljdwhg1 Lq sduwlfxodu/ lw
zrxog eh lqwhuhvwlqj wr h{dplqh krz wkh lqwurgxfwlrq ri frqyhqlhqfh |lhog dowhu wkh ghjuhh ri vhuldo
fruuhodwlrq lq sulfhv1 Uhfdoo wkdw wkh edvlf vwrudjh prgho suhglfwv d odujh qxpehu ri vwrfnrxwv/
dqg wkh zhdn lqwhuwhpsrudo olqn vhuyhg e| lqyhqwrulhv lv uhvsrqvleoh iru wkh orz ghjuhh ri vhuldo
fruuhodwlrq lq sulfhv1 Vlqfh wkh frqyhqlhqfh |lhog frxog sduwldoo| frpshqvdwh lqyhqwru| kroghuv iru
wkh h{shfwhg orvv zkhq wkh edvlv lv ehorz fduu|lqj fkdujhv/ wkh prgho zklfk doorzv iru frqyhqlhqfh
|lhog vkrxog suhglfw d vpdoohu qxpehu ri vwrfnrxwv1 Rqh zrxog wkhuhiruh h{shfw wkh ghpdqg iru
lqyhqwrulhv iru frqyhqlhqfh sxusrvhv wr vwuhqjwkhq wkh lqwhuwhpsrudo olqn dqg khqfh suhglfw d kljkhu
shuvlvwhqfh lq sulfhv1
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Vlqfh wkh vroh ghwhuplqdqw ri wkh frqyhqlhqfh |lhog lv wkh ohyho ri lqyhqwrulhv khog/ rqh frxog
pdwkhpdwlfdoo| h{suhvv wkh frqyhqlhqfh uhwxuq vroho| dv d ixqfwlrq ri wkh ohyho ri vwrfnv1 Ohw
!+L|c|n, eh wkh frqyhqlhqfh |lhog iurp kroglqj lqyhqwrulhv ehwzhhq shulrg w dqg w. 41 Hfrqrplf
uhdvrqlqj vxjjhvwv wkdw wkh pdujlqdo ydoxh ri kroglqj lqyhqwrulhv vkrxog lqfuhdvh zlwk vfduflw|/ dqg
glplqlvklqj pdujlqdo uhwxuqv vxjjhvwv d ghfolqlqj dqg frqfdyh uhodwlrqvkls ehwzhhq vwrfnv dqg wkh
frqyhqlhqfh |lhog1 Wkh odwwhu dulvhv iurp wkh idfw wkdw dv lqyhqwrulhv dffxpxodwh/ pdujlqdo vwrudjh
frvwv lqfuhdvh1 Khqfh !+L|c|n, kdv wkh surshuw| wkdw !
+L|c|n, A 3 dqg !
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iru dq duelwudulo| vpdoo % dqg d qrupdol}lqj frqvwdqw f  3= Wklv vshflfdwlrq iru !+L|c|n, qhvwv
wkh fdvh zlwk qr frqyhqlhqfh |lhog dv d vshfldo fdvh e| vhwwlqj f @ 3> vdwlvhv wkh uhtxluhphqw wkdw
wkh pdujlqdo frqyhqlhqfh |lhog eh d ghfuhdvlqj/ frqyh{ ixqfwlrq ri wkh ohyho ri lqyhqwrulhv/ dqg
lqvxuhv wkdw lw zloo eh dssursuldwho| erxqghg ehwzhhq +4 . u,@+4 , zkhq L|c|n $ 3 dqg 4 zkhq
L|c|n $ 41 Wkh surshuw| wkdw !
+L|c|n, lv erxqghg ehwzhhq +4 . u,@+4  , dqg 4 lv lpsruwdqw
ehfdxvh lw jxdudqwhhv wkh h{lvwhqfh ri wkh htxloleulxp sulfh ixqfwlrq ^vhh Ghdwrq dqg Odurtxh
+4<<5,` dqg suhvhuyhv wkh qrq0olqhdulw| ri wkh sulfh surfhvv1 Wkdw lv/ wkhuh pljkw eh +qhjdwlyh,
ydoxhv ri wkh lqwhuwhpsrudo sulfh vsuhdg wkdw fdqqrw eh frpshqvdwhg e| wkh frqyhqlhqfh uhwxuq/ lq
zklfk fdvh/ wkh qrq0qhjdwlylw| frqvwudlqw rq lqyhqwrulhv elqgv145
Vwrfnkroglqj lv qrz jryhuqhg e| wkh duelwudjh frqglwlrq=
L|c|n  3 li !
+L|c|n,+4 ,@+4 . u,H|s|n @ s|> +<,
Dv ehiruh/ wkh vwrfnkroghu zloo fduu| lqyhqwrulhv li dqg rqo| li wkh h{shfwhg uhwxuq fryhuv wkh frvw
ri vwrudjh qhw ri wkh frqyhqlhqfh |lhog/ dqg sulfhv zloo iroorz d zklwh qrlvh surfhvv lq wkh vwrfnrxw
uhjlph1 Krzhyhu/ d xqltxh lpsolfdwlrq ri wkh frqyhqlhqfh |lhog lv wkdw sulfhv zloo iroorz dq DU+4,
surfhvv zlwk wlph0ydu|lqj frh!flhqw +4 . u,@^+4  ,!+L|c|n,` gxulqj wkh vwrfnkroglqj uhjlph1
Ixuwkhupruh/ wkh sulfh deryh zklfk lqyhqwru| ghpdqg zrxog eh }hur lv sW @ !+L|c|n,+4 ,@+4 .
u,H|s|n1 Xs wkh h{whqw wkdw wkh ohyho ri vwrfnv lv wlph0ydu|lqj/ s
W lv qr orqjhu frqvwdqw dv lq wkh
45Pludqgd dqg Uxl +4<<9, srvwxodwh d frvw ixqfwlrq wkdw dgplwv dq xqerxqghg pdujlqdo frqyhqlhqfh |lhog1 Lq
wklv fdvh/ lqyhqwrulhv duh dozd|v vwulfwo| srvlwlyh1 Vlqfh wkh lqwhuwhpsrudo sulfh olqn fuhdwhg e| vwrfnkroghuv lv qhyhu
vhyhuhg e| vwrfnrxwv/ wklv prgho suhglfwv d kljk vhuldo fruuhodwlrq lq sulfhv1 Krzhyhu/ lw lv xqfohdu krz d prgho
zlwkrxw vwrfnrxwv h{sodlqv dqrwkhu ixqgdphqwdo ihdwxuh ri frpprglw| sulfhv/ qdpho| wkh suhvhqfh ri sulfh vslnhv1
45
edvlf prgho1 Qrwlfh iru d fxuuhqw sulfh deryh sW/ hyhq wkh frqyhqlhqfh uhwxuq zloo eh lqvx!flhqw wr
lqgxfh d ghpdqg iru vwrfnv1
Lq sulqflsoh/ wkh lqwurgxfwlrq ri d frqyhqlhqfh |lhog pljkw doorz xv wr ghfrpsrvh wkh ghpdqg
iru lqyhqwrulhv lq wzr frpsrqhqwv/ qdpho| vshfxodwlyh dqg suhfdxwlrqdu| ghpdqg1 Iru vshfxodwlyh
ghpdqg/ !+L|c|n, @ 4 dqg wkh +jurvv, uhwxuq lv +4 ,@+4. u,H|s|n1 Iru suhfdxwlrqdu| ghpdqg/
!+L|c|n,  4 dqg wkh +jurvv, uhwxuq lv !
+L|c|n,+4  ,@+4 . u,H|s|n1 Krzhyhu/ qrwlfh wkdw wkh
deryh sdudphwhul}dwlrq ri wkh pdujlqdo frqyhqlhqfh |lhog lpsolhv wkdw !+L|c|n, A 4 iru dq| qrq0
qhjdwlyh ohyho ri lqyhqwrulhv dqg/ frqvhtxhqwo|/ suhglfwv wkdw doo vwrfnv zloo eh khog iru suhfdxwlrqdu|
uhdvrqv1 Wkhuhiruh/ zh dovr frqvlghu dq dowhuqdwlyh/ olqhdu vshflfdwlrq ri !+L|c|n, wkdw vdwlvhv wkh
erxqgdu| frqglwlrqv dqg |hw shuplwv wkh lghqwlfdwlrq ri vshfxodwlyh dqg suhfdxwlrqdu| lqyhqwru|
ghpdqg1 Ohw
!+L|c|n, @  L|c|n li  L|c|n A 4> +43,
!+L|c|n, @ 4 li  L|c|n  4>
zkhuh  @ +4 . u,@+4  ,1 Lq wklv fdvh/ wkh ghpdqg iru lqyhqwrulhv zloo kdyh wzr nlqnv1 Wkh
uvw rqh lv wkh frqvwdqw sWW @ +4  ,@+4 . u,H|s|n> deryh zklfk vshfxodwlyh ghpdqg zloo eh
}hur +exw suhfdxwlrqdu| ghpdqg zloo vwloo eh srvlwlyh,1 Wkh vhfrqg rqh lv wkh wlph0ydu|lqj sW @
!+L|c|n,+4 ,@+4 . u,H|s|n> deryh zklfk wkh frqyhqlhqfh uhwxuq zloo eh lqvx!flhqw wr lqgxfh d
srvlwlyh ghpdqg iru lqyhqwrulhv1 Qrwlfh wkdw vlqfh !+L|c|n,  4/ s
W
 sWW iru doo w= Wkxv/ zkhqhyhu
vshfxodwruv duh lq wkh pdunhw +lq wkh vhqvh wkdw wkh| ghpdqg srvlwlyh ohyhov ri vwrfnv,/ suhfdxwlrqdu|
kroghuv pljkw eh lq wkh pdunhw wrr/ exw wkhlu jurvv frqyhqlhqfh uhwxuq zrxog eh 41 Iru ydoxhv ri wkh
fxuuhqw sulfh vwulfwo| odujhu wkdq sWW exw vpdoohu wkdq sW> rqo| suhfdxwlrqdu| kroghuv ghpdqg vwrfnv1
Ilqdoo|/ li wkh fxuuhqw sulfh h{fhhgv sW/ qhlwkhu vshfxodwruv qru suhfdxwlrqdu| kroghuv ghpdqg
lqyhqwrulhv dqg d vwrfnrxw rffxuv1 Zkloh/ lw lv fohdu wkdw wkh h{lvwhqfh ri d vhfrqg sulfh nlqn lv
vroho| dq duwlidfw ri wkh sdudphwhul}dwlrq ri wkh pdujlqdo frqyhqlhqfh |lhog/ wklv vshflfdwlrq zloo
suryh xvhixo ehorz lq dvvhvvlqj wkh uhohydqfh ri wkh frqyhqlhqfh |lhog lq h{sodlqlqj wkh shuvlvwhqfh
ri frpprglw| sulfhv1
Wkh vwdwh yduldeohv iru wklv prgho duh wkh vdph dv lq wkh edvlf vwrudjh prgho/ qdpho|/ wkh
fxuuhqw ohyho ri lqyhqwrulhv1 Wkxv/ H|s|n lv sdudphwhul}hg e| #S+L|c|n, zkhuh wkh frh!flhqwv ri
wkh sro|qrpldo #S+, vdwlvi| wkh udwlrqdo h{shfwdwlrqv vroxwlrq dqg duh qxphulfdoo| hvwlpdwhg dv lq
wkh prghov deryh1
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9 Hpslulfdo Dvvhvvphqw
Wkh vshflfdwlrqv sursrvhg deryh lqwurgxfh ihdwxuhv ri wkh surgxfwlrq surfhvv dqg qdqfldo pdu0
nhwv wkdw fdq +rq wkhruhwlfdo jurxqgv, h{sodlq wkh revhuyhg shuvlvwhqfh lq frpprglw| sulfhv1 Lq
rughu wr dvvhvv wkh txdqwlwdwlyh dqg txdolwdwlyh lpsolfdwlrqv ri wkhvh h{whqvlrqv lq d xqlhg iudph0
zrun/ zh fdoleudwhg wkh prghov deryh xvlqj wkh sdudphwhu ydoxhv hvwlpdwhg e| Ghdwrq dqg Odurtxh
+4<<9, iru d vhw ri djulfxowxudo dqg lqgxvwuldo frpprglwlhv1 Wkh jrdo ri wkh fdoleudwlrq h{huflvh lv
wr vlpxodwh d wlph vhulhv ri frpprglw| sulfhv vxemhfw wr wkh uhvwulfwlrqv ri wkh wkhruhwlfdo prgho
dqg frpsduh lwv surshuwlhv/ dv vxppdul}hg e| d vhw ri vwdwlvwlfv/ zlwk wkh rqhv ri wkh dfwxdo gdwd1
D vwdwlvwlf ri sulpdu| lqwhuhvw lv wkh uvw rughu dxwrfruuhodwlrq ri sulfhv1
Ehiruh surfhhglqj ixuwkhu/ zh h{dplqh zkhwkhu wkh phwkrg ri sdudphwhul}hg h{shfwdwlrqv xvhg
wr rewdlq wkh udwlrqdo h{shfwdwlrqv vroxwlrq fdq uhsolfdwh wkh uhvxowv lq Ghdwrq dqg Odurtxh +4<<5/
4<<9,1 Wr wklv hqg/ wkh edvlf vwrudjh prgho zdv uvw fdoleudwhg iru wkh sdudphwhuv ydoxhv xvhg
lq Ghdwrq dqg Odurtxh +4<<5/ s144,1 Lq wkdw duwlfoh/ wkh dxwkruv dvvxph d olqhdu lqyhuvh ghpdqg
ixqfwlrq ri wkh irup S +{, @ d . e{ dqg h{dplqh wkh ghjuhh ri vhuldo fruuhodwlrq lq sulfhv iru dq
duelwudu| vhw ri vwuxfwxudo sdudphwhuv +d> e> > u,1 Qrwh wkdw jlyhq wkh lghqwlfdwlrq sursrvlwlrq
ri Ghdwrq dqg Odurtxh +4<<9,/ wkh sdudphwhu d fdqqrw eh vhsdudwho| lghqwlhg iurp wkh phdq ri
kduyhvw/ dqg wkh sdudphwhu e iurp wkh yduldqfh ri kduyhvw1 Wkxv/ yduldwlrqv lq d dfurvv frpprglwlhv
fdq dulvh ehfdxvh ri yduldwlrqv lq dxwrqrprxv ghpdqg/ wkh phdq ri wkh vkrfn/ ru erwk1 Zlwk
wklv lqwhusuhwdwlrq lq plqg/ wkh phwkrg ri sdudphwhul}hg h{shfwdwlrq |lhogv dq hvwlpdwhg uvw
rughu dxwruhjuhvvlyh frh!flhqw ri 313;: iru wkh ydoxhv +d> e> > u, @ +533/0413/3138/1389,1 Iru wkh vhw
+d> e> > u, @+933/ 0813/ 313/ 138,/ wkh hvwlpdwhg ydoxh lv 317741 Qrwh wkdw wkhvh vwdwlvwlfv duh yhu|
forvh wr wkh ydoxhv ri 313; dqg 317; uhsruwhg lq Ghdwrq dqg Odurtxh +4<<5,1
Vlqfh rxu remhfwlyh lv wr frpsduh wkh surshuwlhv ri wkh h{whqghg prghov zlwk wkrvh ri wkh
edvlf vwrudjh prgho/ zh dovr fdoleudwhg wkh odwwhu xvlqj wkh hvwlpdwhv +d/ e/ dqg , uhsruwhg lq
Ghdwrq dqg Odurtxh +4<<9/ s1 <44, iru d vhw ri 45 frpprglwlhv1 Wr eh frqvlvwhqw zlwk Ghdwrq dqg
Odurtxh/ wkh udwh ri lqwhuhvw zdv {hg wr u @ =381 Iru hdfk fdoleudwhg prgho/ 8333 revhuydwlrq
zhuh vlpxodwhg dqg wkh uvw rughu dxwruhjuhvvlyh frh!flhqw zdv fdofxodwhg1 Iru wklv vdpsoh vl}h
wkh dxwruhjuhvvlyh frh!flhqw kdv dq vwdqgdug huuru ri 313471 Wkhvh uhvxowv vhuyh dv rxu edvh fdvh
dqg duh suhvhqwhg lq Wdeoh 41 Uhvxowv uhsruwhg lq Ghdwrq dqg Odurtxh +4<<9, duh dovr uhsurgxfhg
lq Wdeoh 4 iru frqyhqlhqfh1 Dowkrxjk wklv duwlfoh xvhv wkh phwkrg ri sdudphwhul}hg h{shfwdwlrq wr
qg wkh udwlrqdo sulfh iruhfdvw zkloh Ghdwrq dqg Odurtxh*v xvhv ydoxh ixqfwlrq lwhudwlrq/ wkh uhdghu
fdq yhuli| wkdw erwk vroxwlrq phwkrgv |lhog frh!flhqw hvwlpdwhv wkdw duh txdqwlwdwlyho| txlwh forvh1
Wkh odujhvw glhuhqfh +lq devroxwh ydoxh, lv 3138: iru wkh fdvh ri frsshu dqg pdl}h1 Wkh dyhudjh
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glhuhqfh lv rqo| 313461 Fohduo|/ wkh orz ghjuhh ri vhuldo fruuhodwlrq suhglfwhg e| wkh edvlf prgho
dsshduv urexvw wr wkh fkrlfh ri vroxwlrq phwkrgv1 Wkxv/ lw vhhpv uhdvrqdeoh wr frqfoxgh/ wkdw
xs wr wkh h{whqw wkdw rxu prghov +ehorz, surgxfh hvwlpdwhv ri wkh dxwruhjuhvvlyh frh!flhqwv wkdw
glhu iurp wkh rqhv ri wkh edvlf vwrudjh prgho/ wklv glhuhqfh lv qrw dwwulexwdeoh wr wkh xvh ri dq
dowhuqdwlyh surfhgxuh iru prghoolqj wkh djhqwv* iruhfdvw1
Wkh uhvxowv iru wkh h{whqghg prghov duh uhsruwhg lq Wdeohv 5 dqg 61 Lq Wdeoh 5/ d frpsdulvrq
ri wkh vhuldo fruuhodwlrq iru wkh gdwd +uvw froxpq, dqg iru wkh edvh fdvh +vhfrqg froxpq, lqglfdwhv
wkdw wkh frpprglw| sulfhv vlpxodwhg iurp wkh edvlf prgho kdyh rqo| derxw rqh0wklug wkh vhuldo
fruuhodwlrq irxqg lq wkh dfwxdo wlph vhulhv1 Dffrxqwlqj iru wklv glvfuhsdqf| lv wkh remhfwlyh ri
rxu dqdo|vlv1 Krzhyhu/ lw lv dssduhqw wkdw jhvwdwlrq odjv dorqh fdqqrw dffrxqw iru wkh shuvlvwhqfh
revhuyhg lq wkh wlph vhulhv ri frpprglw| sulfhv1 Lq wkh fdvh ri pdl}h/ vxjdu/ wlq dqg zkhdw/ wkh
ghjuhh ri shuvlvwhqfh ghfuhdvhv udwkhu wkdq lqfuhdvhv1 Lqwhuhvwlqjo|/ wkhvh whqg wr eh frpprglwlhv
zlwk d kljk hvwlpdwh iru 1 Ohvv ri zkdw lv vwruhg lv pdgh dydlodeoh wr wkh pdunhw zkhq wkh
ghsuhfldwlrq udwh lv kljk/ dqg wklv zhdnhqv wkh lqwhuwhpsrudo olqn lq sulfhv1
Krzhyhu d prgho zlwk jhvwdwlrq odjv dqg khwhurvnhgdvwlf vxsso| vkrfnv grhv suhglfw d kljkhu
sulfh shuvlvwhqfh wkdq wkh edvlf prgho1 Udlvlqj 2@ iurp 4 wr 418 udlvhv wkh fdofxodwhg uvw rughu
vhuldo fruuhodwlrq e| ryhu 63 shufhqw lq wkh fdvh ri frfrd/ dqg e| dv pxfk dv :3 shufhqw lq wkh fdvh
ri zkhdw1 Dq dgglwlrqdo : wr 63 shufhqw lqfuhdvh lv revhuyhg dv 2@ lv lqfuhdvhg wr 41;1
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dovr wkdw wkh lpsuryhphqw whqg wr eh odujhu zkhq e lv uhodwlyho| vpdoo lq devroxwh ydoxh1 Lq vslwh
ri wkhvh uhvxowv/ lw lv dssduhqw wkdw wklv prgho grhv qrw jhqhudwh hqrxjk sulfh shuvlvwhqfh wr pdwfk
wkh ydoxhv revhuyhg lq wkh dfwxdo vhulhv1 Wkh h{whqvlrq lv sduwlfxoduo| ixwloh zlwk frpprglwlhv vxfk
dv frwwrq/ ulfh dqg zkhdw/ zkrvh ghsuhfldwlrq udwhv duh hvwlpdwhg wr eh kljk1
Lq rughu wr ixuwkhu h{dplqh wkh uroh ri khwhurvnhgdvwlflw| lq surgxflqj sulfh shuvlvwhqfh/ zh
vroyhg wkh prgho iru frfrd zlwk lqfuhdvlqjo| odujh ydoxhv ri 2@1 Lq dgglwlrq wr wkh ydoxhv ri
douhdg| frqvlghuhg +4/ 418/ dqg 41;,/ zh dovr hpsor|hg +5/ 518/ 6/ dqg 8,1 Wkh uvw0rughu vhuldo
fruuhodwlrq zhuh hvwlpdwhg xvlqj vlpxodwhg vdpsohv ri 8333 revhuydwlrqv1 Wkh fdofxodwhg ydoxhv duh
suhvhqwhg lq Iljxuh 41 Wkhvh uhvxowv fohduo| vxjjhvwv wkdw lqwurgxflqj khwhurvnhgdvwlflw| lq vxsso|
vkrfnv kdv d vxevwdqwldo hhfw rq wkh vhuldo fruuhodwlrq suhglfwhg e| wkh prgho/ exw wkh lqfuhdvh lv
pdujlqdo wr qlo rqfh 2@ h{fhhgv 5181 Wkxv/ hyhq lqfuhdvlqj 2@wr xquhdolvwlf ydoxhv fdqqrw
qrw uhsolfdwh wkh shuvlvwhqfh revhuyhg lq wkh gdwd1
Wkh uhvxowv iru wkh prgho wkdw lqfrusrudwhv ryhuodsslqj frqwudfwv duh uhsruwhg lq Wdeoh 61
46Iru wkh fdvhv ri pdl}h dqg sdop rlo/ wkh qxphulfdo surfhgxuh idlov wr qg vroxwlrqv wkdw lqyroyh sro|qrpldov ri
rughu kljkhu wkdq 4 iru wkh prgho zlwk khwhurvnhgdvwlf glvwxuedqfhv1 Vlqfh wkh olqhdu dssur{lpdwlrq pljkw qrw eh
dv dffxudwh dv wkh sdudphul}dwlrqv wkdw lqfoxgh kljkhu rughu whupv/ wkh uhvxowv iru wkhvh wzr frpprglwlhv pxvw eh
lqwhusuhwhg zlwk fdxwlrq
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Frpsduhg wr wkh edvh fdvh/ wkh ghjuhh ri vhuldo fruuhodwlrq lv lqfuhdvhg iurp d prghvw 4 shufhqw
lq wkh fdvh ri pdl}h wr dq lpsuhvvlyh <7 shufhqw lq wkh fdvh ri frwwrq1 Zkloh wkhvh uhvxowv duh
hqfrxudjlqj/ wkh ghjuhh ri shuvlvwhqfh lv vwloo vxevwdqwldoo| vpdoohu wkdq wkh rqh hvwlpdwhg xvlqj
dfwxdo wkh gdwd1
Dv qrwhg lq Vhfwlrq 7/ wkh lqwurgxfwlrq ri frqwudfwv zdv frqmhfwxuhg wr uhgxfh wkh suredelolw| ri
vwrfnrxwv e| surylglqj dgglwlrqdo vrxufhv ri dydlodelolw|1 Iru h{dpsoh/ hyhq li lq wkh fxuuhqw shulrg
+w, vshfxodwruv duh xqzloolqj wr fduu| rqh0shulrg lqyhqwrulhv/ wkh ghflvlrq wdnhq lq wkh suhfhglqj
shulrg +w 4, wr fduu| wzr0shulrg lqyhqwrulhv phdqv wkdw/ vkrxog d edg kduyhvw rffxu/ d vwrfnrxw
qh{w shulrg +wkdw lv/ w. 4, frxog eh dyrlghg1 Wr h{dplqh zkhwkhu wklv k|srwkhvlv lv vxssruwhg e|
wkh gdwd/ Iljxuh 5 suhvhqwv d vxevdpsoh ri 433 revhuydwlrqv vlpxodwhg xvlqj wkh prgho iru frfrd1
Wklv jxuh vxjjhvwv wkdw zkloh wzr0shulrg frqwudfwv duh ghpdqghg e| vshfxodwruv/ wkh| frpsohphqw
udwkhu wkdq uhsodfh rqh0shulrg dkhdg frqwudfwv1 Pruhryhu/ wklv w|sh ri lqyhqwrulhv duh khog ohvv
iuhtxhqwo| wkdq wkh vkruwhu whup pdwxulwlhv1 Iru h{dpsoh/ zkloh rqh0shulrg frqwudfwv duh khog <916
shufhqw ri wkh wlphv/ wzr0shulrg frqwudfwv duh khog rqo| 5<16 shufhqw ri wkh shulrgv dqg xvxdoo|
vlpxowdqhrxvo| zlwk wkh vkruwhu pdwxulw| frqwudfwv1 Wklv uhvxow xqghuvfruhv wkh uroh ri lqyhqwrulhv
dv d phfkdqlvp wr wudqvihu wr jrrgv iurp dexqgdqw wr vfduh shulrgv/ dqg surylgh vrph lqvljkw ri
wkh uroh ri frqwudfwv rq wkh ghwhuplqdwlrq ri frpprglw| sulfhv1 Krzhyhu/ wkh| dovr lqglfdwh wkdw
frqwudfwv dorqh pljkw qrw ixoo| h{sodlq wkh kljk ghjuhh ri vhuldo fruuhodwlrq revhuyhg lq wkh gdwd1
Wkh uhvxowv ri wkh vlpxodwlrqv iru wkh prgho zlwk d frqyhqlhqfh uhwxuq duh suhvhqwhg lq wkh
odvw irxu froxpqv ri Wdeoh 61 Frqvlvwhqw zlwk wkh qglqjv ri wkh suhylrxv wzr h{whqvlrqv/ vhuldo
fruuhodwlrq lv kljkhu iru wkrvh frpprglwlhv zlwk d orz ghsuhfldwlrq udwh1 Wkrxjk vwloo orzhu wkdq
wkrvh revhuyhg lq wkh gdwd/ lw lv dssduhqw wkdw wkh vwrudjh prgho zlwk frqyhqlhqfh |lhog surgxfhv
wkh odujhvw lqfuhdvh lq vhuldo fruuhodwlrq ri wkh prghov frqvlghuhg1 Lqghhg/ zlwk vxlwdeoh fkrlfh ri
sdudphwhuv +vxfk dv f dqg , erwk vshflfdwlrqv ri !+L|c|n, duh fdsdeoh ri lqfuhdvlqj wkh vhuldo
fruuhodwlrq vxevwdqwldoo|1 Uhfdoo wkdw lq wkh jhvwdwlrq odj prgho/ hyhq dq xquhdvrqdeoh ghjuhh
ri khwhurvnhgdvwlflw| fdqqrw lqfuhdvh wkh vhuldo fruuhodwlrq wr ohyhov forvh wr wkrvh revhuyhg lq
wkh gdwd1 Zlwk wkh lqwurgxfwlrq ri d frqyhqlhqfh uhwxuq/ pdl}h dqg sdop rlo qrz kdyh vhuldo
fruuhodwlrq frh!flhqwv ri ryhu 319/ zklfk duh pxfk forvhu wr wkh revhuyhg ydoxhv ri durxqg 31:
wkdq wkh hvwlpdwhv rewdlqhg iurp wkh suhylrxv h{whqvlrqv1 D ixuwkhu dqdo|vlv ri wkh vlpxodwlrqv
uhyhdov wkdw wkh lqwurgxfwlrq ri d frqyhqlhqfh0|lhog prwlyh uhgxfhv vljqlfdqwo| wkh suredelolw|
ri vwrfnrxwv dqg wkh qxpehu ri vslnhv revhuyhg lq d qlwh vdpsoh1 Zlwk dq dgglwlrqdo uhdvrq iru
kroglqj lqyhqwrulhv/ djhqwv pljkw fduu| vwrfnv hyhq li wkh h{shfwhg uhwxuq lv orzhu wkdq wkh fduu|lqj
frvw1 Frqvhtxhqwo|/ lq d jlyhq vdpsoh/ wkh qxpehu ri revhuyhg vwrfnrxwv glplqlvkhv dqg wkh qxpehu
ri shulrgv lq zklfk lqyhqwru| kroglqj fuhdwhv dq lqwhuwhpsrudo olqn lq sulfhv lqfuhdvhv1 Wkxv/ wkh
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hvwlpdwhg vhuldo fruuhodwlrq ri sulfhv ulvhv1
Lq rughu wr glvhqwdqjoh wkh ghpdqg iru suhfdxwlrqdu| dqg vshfxodwlyh lqyhqwrulhv dqg wr ixuwkhu
h{dplqh wkh hhfw ri exhu0vwrfnkroglqj ehkdylru rq frpprglw| sulfhv/ wkh iudfwlrq ri lqyhqwrulhv
khog iru frqyhqlhqfh sxusrvh lv fdofxodwhg xvlqj wkh prgho zlwk wkh slhfh0zlvh olqhdu pdujlqdo
frqyhqlhqfh |lhog ixqfwlrq ghvfulehg lq +43, iru ydulrxv ydoxhv ri wkh frh!flhqw 1 Wklv sdudphwhu
phdvxuhv wkh uhgxfwlrq lq wkh pdujlqdo frqyhqlhqfh |lhog dv d uhvxow ri dq xqlwdu| lqfuhdvh lq wkh
ohyho ri vwrfnv dqg lv vpdoohu wkh vwurqjhu lv wkh ghvluh iru kroglqj exhu vwrfnv1 Qrwlfh wkdw iru doo
frpprglwlhv/ wkh sulfh shuvlvwhqfh lv kljkhu/ wkh orzhu wkh ydoxh ri = Ixuwkhupruh/ wkh odvw urz ri
Wdeoh 6 uhyhdov wkdw wkh odujhu lv / wkh orzhu wkh sursruwlrq ri vwrfnv khog e| vshfxodwruv1 Wkh
lqwxlwlrq iru wkhvh uhvxowv lv vwudljkwiruzdug/ iru orzhu ydoxhv ri  wkh pdujlqdo frqyhqlhqfh |lhog
ghfuhdvhv pruh vorzo| zlwk wkh ohyho ri vwrfnv1 Wkxv/ wkhuh lv d odujhu udqjh ri ydoxhv ri vwrfnv iru
zklfk wkh suhfdxwlrqdu| prwlyh grplqdwhv wkh vshfxodwlyh prwlyh iru lqyhqwru| kroglqj1 Xs wr wkh
h{whqw wkdw djhqwv duh zloolqj wr krog vwrfnv qrw rqo| iru wkh h{shfwhg fdslwdo jdlq exw dovr iru wkh
frqyhqlhqfh uhwxuq/ wkh suredelolw| ri revhuylqj vwrfnrxwv ghfuhdvhv dqg wkh sulfh shuvlvwhqfh ulvhv1
Qrwlfh iru wkh fdvh zkhq  @ =34/ wkh vhuldo fruuhodwlrqv suhglfwhg e| wkh prgho duh frpsdudeoh
wr rqhv rewdlqhg zlwk wkh vprrwk sdudphwhul}dwlrq +;,1 Wkh vpdoo exw v|vwhpdwlf glhuhqfhv
ehwzhhq wkh wzr prgho duh h{sodlqhg e| wkh idfw wkdw wkh dxwruhjuhvvlyh frh!flhqw lpsolhg e|
erwk prghov duh +glhuhqw, wlph0ydu|lqj ixqfwlrqv ri wkh ohyho ri vwrfnv1 Iru wkh fdvh zkhq  @
4/ wkh frqyhqlhqfh uhwxuq udslgo| ghfuhdvhv zlwk lqyhqwrulhv1 Wkxv/ wkh dyhudjh sursruwlrq ri
suhfdxwlrqdu| vwrfnv iru doo 45 frpprglwlhv lv vpdoohu +5519(, wkdq lq wkh wzr rwkhu fdvhv frqvlghuhg
+433( zkhq  @ =34 dqg ;715( zkhq  @ =4,1 Wkh hvwlpdwhv ri vhuldo fruuhodwlrq duh qxphulfdoo|
forvh wr wkh ydoxhv suhglfwhg e| wkh edvlf prgho zkhuh wkh suhfdxwlrqdu| prwlyh lv devhqw1
Wkh uroh ri suhfdxwlrqdu| vwrfnkroglqj rq wkh shuvlvwhqfh ri frpprglw| sulfhv lv ixuwkhu grfx0
phqwhg lq Iljxuh 61 Iru wklv jxuh wkh prgho iru frfrd zdv vroyhg dqg vlpxodwhg iru d odujh udqjh
ri ydoxhv ri 1 Wkh hvwlpdwhv ri vhuldo fruuhodwlrq zhuh edvhg rq vdpsohv ri 8333 revhuydwlrqv1 Wklv
judsk fohduo| vxjjhvwv wkdw sulfh shuvlvwhqfh lv prqrwrqlfdoo| lqfuhdvlqj lq wkh sursruwlrq ri vwrfnv
khog iru suhfdxwlrqdu| prwlyhv1
: Frqfoxvlrqv
Wkh jrdo ri wklv dqdo|vlv zdv wr jhqhudol}h wkh edvlf vwrudjh prgho wr uhsurgxfh wkh ghjuhh ri vhuldo
fruuhodwlrq revhuyhg lq dfwxdo gdwd1 Wkh sursrvhg vshflfdwlrqv suhvhuyh lpsruwdqw ihdwxuhv ri wkh
edvlf prgho/ qdpho| wkh qrq0qhjdwlylw| frqvwudlqw rq lqyhqwrulhv dqg wkh srvvlelolw| ri vwrfnrxwv
wkdw dffrxqw iru rffdvlrqdo sulfh vslnhv1 Krzhyhu/ wkh| h{solflwo| lqfrusrudwh uhdolvwlf dvshfwv
ri wkh surgxfwlrq surfhvv dqg qdqfldo pdunhwv wkdw pljkw srwhqwldoo| h{sodlq wkh shuvlvwhqfh
4:
ri frpprglw| sulfhv1 Wkh uhvxowv duh rqo| sduwldoo| vxffhvvixo lq wkdw wkh uvw wzr h{whqvlrqv duh
fdsdeoh ri uhgxflqj wkh glvfuhsdqf| ehwzhhq wkh vhuldo fruuhodwlrq lq wkh gdwd dqg wkh rqh suhglfwhg
e| wkhru| iurp d idfwru ri 6 wr 51 Wkh lqwurgxfwlrq ri jhvwdwlrq odjv zlwk khwhurvnhgdvwlf vkrfnv lv
vrphzkdw pruh vxffhvvixo/ exw vxevwdqwldo shuvlvwhqfh lv vwloo ohiw xqdffrxqwhg iru1
Wkh wklug vshflfdwlrq frqvlghuv wkh pruh jhqhudo vlwxdwlrq zkhq djhqwv fdq ghpdqg lqyhqwrulhv
iru erwk suhfdxwlrqdu| dqg vshfxodwlyh uhdvrqv1 Wklv prgho suhglfwv ydoxhv ri vhuldo fruuhodwlrq
wkdw duh forvhu wr wkh dfwxdo rqhv/ h{sodlqv doprvw 98( ri wkh revhuyhg sulfh shuvlvwhqfh/ dqg
xqdpeljxrxvo| kljkoljkwv wkh uroh ri d frqyhqlhqfh uhwxuq lq wkh g|qdplfv ri frpprglw| sulfhv1 Dw
wkh wkhruhwlfdo ohyho/ wkhvh uhvxowv vxjjhvw wkdw h{solflwo| prgholqj wkh djhqwv* ulvn dyhuvlrq +wkdw
xqghuolhv wkh frqyhqlhqfh |lhog, pljkw surgxfh d prgho ri vwrudjh wkdw ehwwhu fdswxuhv wkh ihdwxuhv
ri wkh gdwd1 Dw wkh hpslulfdo ohyho/ wkhvh hylghqfh lqglfdwhv wkdw d vxffhvvixo h{sodqdwlrq iru wkh
wlph vhulhv surshuwlhv ri frpprglw| sulfhv pljkw uhtxluh wkh lqwurgxfwlrq ri d qrq0vshfxodwlyh
ghpdqg iru vwrfnv1
Qrqhwkhohvv/ rwkhu prglfdwlrqv wr wkh edvlf prgho pljkw eh qhfhvvdu|1 Lqfoxglqj doo wkh
deryh ihdwxuhv lq d vlqjoh prgho fdq eh qxphulfdoo| fkdoohqjlqj exw pljkw surylgh pruh dffxudwh
suhglfwlrqv wkdq hdfk vhsdudwh vshflfdwlrq rq lwv rzq1 Pruh lpsruwdqwo|/ jlyhq wkh vxevwdqwldo
glhuhqfhv lq lqvwlwxwlrqdo dqg sk|vlfdo ihdwxuhv dfurvv frpprglwlhv dqg wkh lglrv|qfudflhv ri wkhlu
surgxfwlrq dqg frqvxpswlrq surfhvvhv/ lw frxog eh dujxhg wkdw prgholqj wkhvh fkdudfwhulvwlfv rq
d frpprglw| e| frpprglw| edvlv pd| eh qhfhvvdu| wr rewdlq d ehwwhu pdwfk ehwzhhq wkh prgho
suhglfwlrqv dqg wkh gdwd1 Wkh vshflfdwlrqv sursrvhg deryh frxog eh xvhixo lq wkdw uhvshfw/ ehfdxvh
wkh| doorz rqh wr dqdo|}h frpprglwlhv zlwk d ydulhw| ri wudglqj dqg surgxfwlrq phfkdqlvpv e|
vxlwdeo| prghoolqj wkh ohqjwk dqg w|sh ri wkh frqwudfwv/ wkh vhdvrqdolw| lq surgxfwlrq/ dqg wkh
khwhurjhqhlw| ri ghsuhfldwlrq udwhv/ sulfh hodvwlflw| ri ghpdqg/ dqg vsrlodjh frvwv1
4;
Wdeoh 41 Frpsdulvrq ri Hvwlpdwhv ri Vhuldo Fruuhodwlrq
Ghpdqg @ S+{, @ d. e{
}  Q+3>  @ 4,
Frpprglw| d e  G)O Sdudphwhul}hg
Surfhgxuh H{shfwdwlrqv
Frfrd 1495 01554 1449 315<; 31685
Frhh 1596 0148; 146< 31575 3154<
Frsshu 1878 01659 139< 316<5 31668
Frwwrq 1975 01645 149< 314<5 314:6
Mxwh 18:5 01689 13<9 31635 315;<
Pdl}h 1968 01969 138< 31689 31746
Sdop Rlo 1794 0175< 138; 31749 316<:
Ulfh 18<; 01669 147: 31557 3156:
Vxjdu 1976 01959 14:: 31597 31599
Whd 17:< 01544 1456 31563 31546
Wlq 1589 014:3 147; 31589 3156;
Zkhdw 1:56 016<7 1463 3158< 31583
Qrwhv= Doo vlpxodwlrqv duh edvhg rq d vdpsoh vl}h ri 8333 revhuydwlrqv1 Wkh frqglwlrqdo sulfh
h{shfwdwlrq zdv sdudphwhul}hg xvlqj d sro|qrpldo ri rughu 6 lq wkh fxuuhqw ohyho ri vwrfnv1
4<
Wdeoh 51 Hvwlpdwhv ri Vhuldo Fruuhodwlrq zlwk Jhvwdwlrq Odjv
Ghpdqg @ S+{, @ d. e{
}  Q+3> ,
Frpprglw| Dfwxdo Edvlf Jhvwdwlrq Jhvwdwlrq Jhvwdwlrq
Prgho Odjv Odjv Odjv
2@ @ 4 2@ @ 4=8 2@ @ 4=;
Frfrd 31;67 31685 31686 3179: 31844
Frhh 31;37 3154< 31589 316;8 31766
Frsshu 31;6; 31668 31686 317:4 31859
Frwwrq 31;;7 314:6 314<9 315:; 31698
Mxwh 31:46 315;< 315<; 3174: 317;9
Pdl}h 31:89 31746 316;8 31937 31953
Sdop Rlo 31:63 316<: 31749 318<6 31973
Ulfh 31;5< 3156: 3154< 31676 316<;
Vxjdu 31954 31599 3156< 31688 3175:
Whd 31::; 31546 3154; 31694 3175;
Wlq 31;<8 3156; 31559 316;3 3175;
Zkhdw 31;96 31583 31555 316;7 31744
Qrwhv= Wkh vwdqgdug ghyldwlrq  zdv {hg wr 4 zkloh wkh vwdqgdug ghyldwlrq 2 zdv doorzhg wr
wdnh wkh ydoxhv 4/ 4/18 dqg 41;1 Doo vlpxodwlrqv duh edvhg rq d vdpsoh vl}h ri 8333 revhuydwlrqv1 Wkh
frqglwlrqdo sulfh h{shfwdwlrq zdv sdudphwhul}hg xvlqj sro|qrpldov ri rughu 5 +h{fhsw iru pdl}h dqg
sdop rlo zkhuh d sro|qrpldo ri rughu 4 zdv hpsor|hg iru wkh fdvhv 2@ @ 4=8 dqg 2@ @ 4=;,1
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Wdeoh 61 Hvwlpdwhv ri Vhuldo Fruuhodwlrq
Ghpdqg @ S+{, @ d. e{
}  Q+3> ,
Frpprglw| Dfwxdo Edvlf Ryhuodsslqj Frqy1 Frqy1 Frqy1 Frqy11
Prgho Frqwudfwv \lhog \lhog \lhog \lhog
f @ 83  @ =34  @ =4  @ 4
Frfrd 31;67 31685 31795 31855 186: 1749 168:
Frhh 31;37 3154< 3168; 31863 17:: 1698 1564
Frsshu 31;6; 31668 316<7 3193; 17<: 16:8 1666
Frwwrq 31;;7 314:6 3166: 317:6 178; 1674 1545
Mxwh 31:46 315;< 31698 31878 1863 16<6 1666
Pdl}h 31:89 31746 3174; 31956 188: 17;5 16;3
Sdop Rlo 31:63 316<: 3176; 31958 18;< 1765 16<<
Ulfh 31;5< 3156: 31667 317:8 1774 1677 1587
Vxjdu 31954 31599 316:3 31757 1789 16:< 15:<
Whd 31::; 31546 31635 3183< 178; 1685 1579
Wlq 31;<8 3156; 31688 317:5 17;9 16<4 15;4
Zkhdw 31;96 31583 3169; 31838 183; 168: 15:3
Suhfdxwlrqdu| Vwrfnv 3( 3( 433( 433( ;715( 5519(
Qrwhv= Wkh odvw urz ghqrwhv wkh dyhudjh ri wkh shufhqwdjh ri suhfdxwlrqdu| vwrfnv iru doo 45
frpprglwlhv1 Doo vlpxodwlrqv duh edvhg rq d vdpsoh vl}h ri 8333 revhuydwlrqv1 Wkh frqglwlrqdo
sulfh h{shfwdwlrq zdv sdudphwhul}hg xvlqj sro|qrpldov ri rughu 5 +ryhuodsslqj frqwudfwv, dqg 6
+frqyhqlhqfh |lhog,1
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Uhihuhqfhv
^4` Euhhghq/ G1 W1 +4<;3,/ Frqvxpswlrq Ulvnv lq Ixwxuhv Pdunhwv/ Mrxuqdo ri Ilqdqfh 68/ ss1
83608531
^5` Euhqqdq/ P1 M1 +4<8;,/ Wkh Vxsso| ri Vwrudjh/ Dphulfdq Hfrqrplfe Uhylhz 7:/ ss1 830:51
^6` Fkdpehuv/ P1 M1 dqg Edloh|/ U1 +4<<9,/ D Wkhru| ri Frpprglw| Sulfh Ioxfwxdwlrqv/ Mrxuqdo
ri Srolwlfdo Hfrqrp| 437/ ss1 <570<8:1
^7` Frrwqhu/ S1 K1 +4<9:,/ Uhwxuqv wr Vshfxodwruv= Whovhu yv1 Nh|qhv/ Mrxuqdo ri Srolwlfdo Hfrqrp|
9;/ ss1 6<907371
^8` Ghdwrq/ D1 V1 dqg Odurtxh/ J1 +4<<5,/ Rq wkh Ehkdylru ri Frpprglw| Sulfhv/ Uhylhz ri
Hfrqrplf Vwxglhv ;</ ss1 4561
^9` Ghdwrq/ D1 V1 dqg Odurtxh/ J1 +4<<9,/ Frpshwlwlyh Vwrudjh dqg Frpprglw| Sulfh G|qdplfv/
Mrxuqdo ri Srolwlfdo Hfrqrp| 437/ ss1 ;<90<561
^:` Ghq Kddq/ Z1 M1 dqg Pdufhw/ D1 +4<<3,/ Vroylqj wkh Vwrfkdvwlf Jurzwk Prgho e| Sdudphwhu0
l}lqj H{shfwdwlrqv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv ;/ ss1 64671
^;` Gxvdn/ N1 +4<:6,/ Ixwxuhv Wudglqj dqg Lqyhvwru Uhwxuqv= Dq Lqyhvwljdwlrq ri Frpprglw|
Pdunhw Ulvn Suhplxpv/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;4/ ss1 46;:047391
^<` Idpd/ H1 I1 dqg Iuhqfk/ N1 U1 +4<;:,/ Frpprglw| Ixwxuhv Sulfhv= Vrph Hylghqfh rq Iruhfdvw
Srzhu/ Suhplxpv/ dqg wkh Wkhru| ri Vwrudjh/ Mrxuqdo ri Exvlqhvv 93/ ss1 880:61
^43` Idpd/ H1 I1 dqg Iuhqfk/ N1 U1 +4<;;,/ Exvlqhvv F|fohv dqg wkh Ehkdylru ri Phwdo Sulfhv/
Mrxuqdo ri Ilqdqfh 76/ ss1 43:8043<61
^44` Ilvfkhu/ V1 +4<::,/ Orqj0Whup Frqwudfwv/ Udwlrqdo H{shfwdwlrqv/ dqg wkh Rswlpdo Prqh|
Vxsso| Uxoh/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8/ ss1 4<405381
^45` Jxvwdivrq/ U1 O1 +4<8;,/ Fduu|ryhu Ohyhov iru Judlqv= D Phwkrg iru Ghwhuplqlqj Dprxqwv
wkdw duh Rswlpdo xqghu Vshflhg Frqglwlrqv/ XVGD Whfkqlfdo Exoohwlq 44:;1
^46` Mxgg/ N1 O1 +4<<3,/ Plqlpxp Zhljkwhg Uhvlgxdov Phwkrgv iru Vroylqj G|qdplf Hfrqrplf
Prghov/ Krryhu Lqvwlwxwlrq Plphr1
^47` Ndogru/ Q1 +4<6<,/ Vshfxodwlrq dqg Hfrqrplf Vwdelolw|/ Uhylhz ri Hfrqrplf Vwxglhv :/ ss1
405:1
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^48` Nh|qhv/ M1 P1 +4<63,/ D Wuhdwlvh rq Prqh|/ Yroxph LL= Wkh Dssolhg Wkhru| ri Prqh|1 Orqgrq=
Pdfploodq1
^49` Orzu|/ P1/ Jodxehu M1/ Pludqgd/ P1/ dqg Khopehujhu/ S1 +4<;:,/ Sulflqj dqg Vwrudjh ri Ilhog
Fursv= D Txduwhuo| Prgho Dssolhg wr Vr|ehdqv/ Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv
Qryhpehu/ ss1 :73:7<1
^4:` Pludqgd/ P1 M1 dqg Uxl/ [1 +4<<9,/ Dq Hpslulfdo Uhdvvhvphqw ri wkh Frpprglw| Vwrudjh
Prgho1 Rklr Vwdwh Xqlyhuvlw|/ Plphr1
^4;` Pxwk/ M1 I1 +4<94,/ Udwlrqdo H{shfwdwlrqv dqg wkh Wkhru| ri Sulfh Pryhphqwv/ Hfrqrphwulfd1
5</ ss1 60551
^4<` Qhzehu|/ G1 dqg Vwljolw}/ M1 +4<;5,/ Rswlpdo Frpprglw| Vwrfnslolqj Uxohv/ R{irug Hfrqrplf
Sdshuv 67/ ss1 73675:1
^53` Qj/ V1 +4<<9,/ Orrnlqj iru Hylghqfh ri Vshfxodwlyh Vwrudjh lq Frpprglw| Pdunhwv/ Mrxuqdo
ri Hfrqrplf G|qdplfv dqg Frqwuro 53/ ss1 45604761
^54` Vdpxhovrq/ S1 D1 +4<8:,/ Lqwhuwhpsrudo Sulfh Htxloleulxp= D Surorjxh wr wkh Wkhru| ri Vshf0
xodwlrq/ Zhowzluwvfkd lfkhv Dufkly :</ ss1 4;4054<1
^55` Vfkhlqnpdq/ M1 D1 dqg Vfkhfkwpdq/ M1 +4<;6,/ D Vlpsoh Frpshwlwlyh Prgho zlwk Surgxfwlrq
dqg Vwrudjh/ Uhylhz ri Hfrqrplf Vwxglhv 83/ ss1 75:07741
^56` Wd|oru/ M1 E1 +4<:<,/ Vwdjjhuhg Zdjh Vhwwlqj Lq d Pdfur Prgho/ Dphulfdq Hfrqrplf Uhylhz
9</ ss1 43;5461
^57` Wd|oru/ M1 E1 +4<;3,/ Djjuhjdwh G|qdplfv dqg Vwdjjhuhg Frqwudfwv/ Mrxuqdo ri Srolwlfdo Hfrq0
rp| ;;/ ss1 4561
^58` Wd|oru/ M1 E1 dqg Xkolj/ K1 +4<<3,/ Vroylqj Qrqolqhdu Vwrfkdvwlf Jurzwk Prghov= D Frp0
sdulvrq ri Dowhuqdwlyh Vroxwlrq Phwkrgv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv ;/ ss1
404:1
^59` Whovhu/ O1 J1 +4<8;,/ Ixwxuhv Wudglqj dqg wkh Vwrudjh ri Frwwrq dqgZkhdw/ Mrxuqdo ri Srolwlfdo
Hfrqrp| 99/ ss156605881
^5:` Ydloh/ U1 V1 +4<77,/ Fdvk dqg Ixwxuh Sulfhv ri Fruq/ Mrxuqdo ri Pdunhwlqj </ ss1 860871
56
^5;` Ydqfh/ O1 O1 +4<79,/ Judlq Pdunhw Irufhv lq wkh OLjkw ri Lqyhuvh Fduu|lqj Fkdujhv/ Mrxuqdo
ri Idup Hfrqrplfv 5;/ ss1 4369043731
^5<` Zlooldpv/ M1 +4<;9,/ Wkh Hfrqrplf Ioxfwxdwlrqv ri Ixwxuhv Pdunhwv1 Qhz \run= Fdpeulgjh
Xqlyhuvlw| Suhvv1
^63` Zlooldpv/ M1 dqg Zuljkw/ E1 +4<<4,/ Vwrudjh dqg Frpprglw| Pdunhwv/ Fdpeulgjh= Fdpeugljh
Xqlyhuvlw| Suhvv1
^64` Zrunlqj/ K1 +4<67,/ Sulfh Uhodwlrqv Ehwzhhq Pd| dqg Qhz0Furs Zkhdw Ixwxuhv dw Fklfdjr
vlqfh 4;;81 Irrg Uhvhdufk Lqvwlwxwh Zkhdw Vwxglhv 43 ss1 4;6055;1
^65` Zrunlqj/ K1 +4<7<,/ Wkh Wkhru| ri Sulfh Vwrudjh/ Dphulfdq Hfrqrplf Uhylhz 6</ ss1 45870
45951
^66` Zuljkw/ E1 dqg Zlooldpv/ M11 +4<;<,/ D Wkhru| ri Qhjdwlyh Sulfhv iru Vwrudjh/ Mrxuqdo ri
Ixwxuhv Pdunhwv </ ss1 40461
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Fig 1. Serial Correlation and 
Heteroskedastic Supply Shocks
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Fig 2. Comparison of Inventory Holdings
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Fig 3. Precautionary Storage and Serial
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